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SELECT COMMITTEE ON ENERGY INDEPENDENCE AND
GLOBAL WARMING, HOUSE OF REPRESENTATIVES,
Washington, DC, January 3, 2011.

Hon. NANCY PELOSI,

Speaker, House of Representatives,
Washington, DC.

DEAR MADAM SPEAKER: Pursuant to H. Res. 5, section 4(a)(5), I
hereby transmit to you the Select Committee on Energy Independ-
ence and Global Warming’s Final Staff Report for the 111th Con-
gress. This report summarizes the Select Committee’s work during
this Congress, the historic achievements on energy and climate
issues, and recommendations for actions in the 112th Congress.

As we move into the 112th Congress, I want to thank you for
your historic and continued leadership and vision on the critical
issues of energy security and climate change. I hope and trust that
the work of the Select Committee, reflected in this Report, will as-
sist the next Congress as we press forward to meet these urgent
challenges and opportunities.

EDWARD J. MARKEY,
Chairman.

(III)
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Mr. MARKEY, from the Select Committee on Energy Independence
and Global Warming, submitted the following

REPORT

INTRODUCTION

We are at a watershed moment in the history of energy produc-
tion—and the choices we make at this juncture will determine the
fate of our planet and the national security and economic future of
the United States. Between now and 2030, roughly $26 trillion will
be invested in energy infrastructure worldwide. Clean energy will
likely make up an increasing share of this investment with every
passing year. The International Energy Agency (IEA) estimates
that $5.7 trillion will be invested in renewable electricity genera-
tion alone between 2010 and 2035.! This new infrastructure is
long-lived and costly, and the decisions made in the next decade
will set the course of the global and U.S. energy system—and of the
global climate—for the next century and beyond. This transition
also presents an unprecedented opportunity for economic growth
and job creation in the clean energy technology sector. Other coun-
tries are taking the lead in clean energy and the United States
must act now if it is to remain competitive in this rapidly devel-
oping global market.

Global climate change presents one of the gravest threats to our
planet’s health, and to America’s economy, its national security,
and its public health. Scientists warn that we may be approaching
a tipping point, after which it will become increasingly difficult, or
perhaps impossible, to halt global warming and its catastrophic ef-
fects. The United States confronts this issue at the same time it
faces a deepening energy crisis—characterized by skyrocketing

1International Energy Agency, World Energy Outlook 2010. Available at http:/
www.worldenergyoutlook.org/.
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prices, high dependence on foreign oil, and continued reliance on
high-carbon fuels that worsen the climate crisis.

The Select Committee on Energy Independence and Global
Warming was created by Speaker of the House Nancy Pelosi in
2007 to examine and make recommendations on the interrelated
issues of energy independence, national security, America’s eco-
nomic future and global warming.

During its four years, the Select Committee held 80 hearings and
briefings, conducted investigations, led fact finding trips with Con-
gressional members, and contributed to the most active four years
in energy and climate policy development and debate in the United
States Congress.

As a result of the Select Committee’s work in raising the profile
of energy and climate issues, and spurring increased debate, the
House of Representatives passed several pieces of legislation that
will reduce our nation’s consumption of foreign oil, increase energy
efficiency, and create new jobs in the clean energy sector.

In 2007, the first year of the Select Committee, the House passed
the Energy Independence and Security Act, which included fuel
economy provisions co-authored by Rep. Edward J. Markey, Chair-
man of the Select Committee. The bill also increased America’s use
of advanced biofuels, and updated energy efficiency standards for
appliances and lighting systems.

The Select Committee also was instrumental in pushing for in-
creased investment in clean energy technologies. The American Re-
covery and Reinvestment Act of 2009 invested $90 billion in clean
energy, which jump-started new domestic industries like advanced
electric batteries, boosted household energy efficiency, and helped
key renewable energy sectors like wind and solar avoid collapse
during the recession.

In June of 2009, the House passed the Waxman-Markey Amer-
ican Clean Energy and Security Act, the first passage of a com-
prehensive energy and climate bill in the history of the U.S. Con-
gress. The bill set ambitious carbon reduction targets, which were
used by U.S. negotiators to craft the Copenhagen Accord. It also
created a roadmap to create clean energy jobs and the next genera-
tion of clean energy technologies.

These legislative achievements happened as historic events indi-
cated that swift action was needed to address a strained energy
system and a dangerously destabilized climate. The years 2007-
2010 are all in the top ten warmest years on record, according to
NASA. Oil and gasoline prices peaked to record levels in 2007 and
are on the rise again as the country emerges from the recession.

As the Select Committee ends its tenure of progress, it is clear
that there is much left to be done to stabilize our global climate,
and spur the development of clean energy technology and jobs here
in America.

This report summarizes the results and findings of the Select
Committee’s hearings and investigations, highlights legislative ac-
complishments that flow from the information it has developed and
makes recommendations for steps moving forward. We begin with
a discussion of the key issue of energy independence.
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I. ENERGY INDEPENDENCE
INTRODUCTION

The United States is confronting a deepening energy security cri-
sis—characterized by escalating and volatile energy prices, unac-
ceptably high dependence on foreign oil, and increasing global de-
mand for limited energy resources. At the same time, an unprece-
dented economic and job creation opportunity has developed in the
clean energy sector. According to the IEA, roughly $26 trillion in
investment will be needed through 2030 to meet the world’s energy
demand, a significant share of which will be made in the rapidly
growing clean energy sector.2 Nations that move aggressively now
will position their domestic companies and workers to dispropor-
tionately benefit in this key growth sector.

The Oil Challenge

The United States’ continuing addiction to oil presents a serious
threat to our national security and economy. The United States is
the largest consumer of oil in the world, accounting for 22 percent
of global demand—principally to power our transportation system,
which is 95 percent dependent on 0il.3 About half of all U.S. oil
consumption in 2010—3.5 billion barrels—came from foreign
sources. Imports have declined from their peak of 60 percent of
total consumption in 2005 but are still up from 42 percent in 1990
and 27 percent in 1985.4

Oil and gasoline prices have been on a roller coaster ride over
the past four years, and are predicted to remain at historically high
levels for the foreseeable future, primarily as a result of rising
global demand. Crude oil prices have increased by 250 percent over
the last decade while gasoline prices have more than doubled.? In
just the last 3 years, the price of a barrel of oil has soared to $147,
dropped to $36, and climbed back above $90 by the close of 2010.6

Experts agree that rapidly growing oil demand from developing
countries is likely to result in sustained high prices for the foresee-
able future. China, for example, alone is expected to grow its vehi-
cle fleet from 40 million vehicles today to 350 million by 2035, ac-
cording to the International Energy Agency (IEA).

Soaring petroleum prices have been a drain on the economy and
have a crippling effect on American consumers. Nearly $1.3 trillion
has been sent overseas to import oil over the past four years, while
oil imports have grown to account for nearly half the U.S. trade
deficit.” Each $1 per gallon increase in the average cost of gasoline
adds nearly $600 to an average American’s annual transportation

2International Energy Agency, World Energy Outlook 2008. Available at http://www.iea.org/
textbase/nppdf/free/2008/weo2008.pdf.

3Energy Information Administration; World Oil Balance: Second Quarter 2010 and U.S. Con-
sumption by Sector. Available at http://www.eia.doe.gov/pub/oil gas/petroleum/analysis
publications/oil market basics/demand text.htm#Global Oil Consumption.

4 Energy Information Administration, Monthly Energy Review November 2010, Table 3.3a Pe-
troleum Trade: Overview. Available at: http:/www.eia.doe.gov/mer/pdf/pages/sec3 7.pdf.

5Energy Information Administration Weekly United States Spot Price FOB Weighted by Esti-
mated Import Volume (Dollars per Barrel) (November 2010) Available at http:/www.eia.gov/
dnsf/épet/pet;priiwcoikiw.htm.

7 As calculated by Select Committee staff, from census data. See U.S. Census Bureau Foreign
Trade, Exhibit 9—Petroleum and Non-petroleum End-Use Category Totals (Sept 2010) Available
at http://www.census.gov/foreign-trade/Press-Release/2010pr/10/exh9.pdf.
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fuel bill.8 At mid-2008 gasoline prices, fuel expenses were eating up
nearly 10 percent of an average American worker’s pre-tax in-
come.?

In addition, nearly 8 million American households rely on heat-
ing oil to warm their homes during the winter. These households
face an expected average heating bill of $2,146 during the 2010-
11 winter, 61 percent more than households spent on average 6
winters ago.10

OPEC countries control 70 percent of estimated global oil re-
serves and account for 40 percent of global production.l? OPEC’s
share of global production is projected to continue to increase,
reaching more than 50 percent by 2035.12 Moreover, investor-
owned companies control only about 6 percent of the world’s known
oil reserves. By contrast, government-owned and operated compa-
nies in oil-producing countries, such as Saudi Aramco in Saudi Ara-
bia or the National Iranian Oil Company in Iran, control most of
the rest.13 Of the top 20 oil producing companies in the world, 14
are national oil companies (NOCs) or newly privatized NOCs.1* Al-
though Canada and Mexico supply a substantial proportion of U.S.
imports, OPEC countries control virtually all of the world’s mar-
ginal production capacity and therefore have the ability to set the
global price for this commodity. As a result, the United States’ na-
tional security and economy is increasingly threatened by the po-
tential for a supply disruption or market manipulation by some-
times unfriendly foreign governments.

Despite increasing calls to open the Outer Continental Shelf
(OCS) and the Arctic National Wildlife Refuge (ANWR) to drilling,
the facts make clear that we cannot drill our way out of this prob-
lem. While the United States consumes 22 percent of the world’s
oil, it has less than 3 percent of global reserves. More drilling will
have little or no impact on prices consumers pay for gasoline and
will not substantially reduce U.S. dependence on foreign oil.

The Department of Energy’s Energy Information Administration
(EIA) estimates that, even if the entire lower 48 OCS were opened
to drilling, this would increase cumulative U.S. oil production by
only 1.6 percent by 2030 and would have an “insignificant” impact

8This is based on EPA estimates of fuel economy and miles driven by an average U.S. pas-
senger vehicle. See Environmental Protection Agency, Emission Facts: Greenhouse Gas Emis-
sions from a Typical Passenger Vehicle, Fact Sheet EPA420-F-05-004 (Feb. 2005) Available at
http://www.epa.gov/oms/climate/420f05004.htm.

9 According to the Department of Transportation, U.S. cars, vans, pickups, and SUVs in 2005
traveled an average of 11,856 miles and used 594 gallons of gasoline over the course of the year.
U.S. Department of Transportation, Federal Highway Administration, Annual Vehicle Distance
Traveled in Kilometers and Related Data—2005, By Highway Category and Vehicle Type (Table
VM-1M) (Nov. 2006) Available at http:/www.fhwa.dot.gov/policy/ohim/hs05/pdf/ym1m.pdf. Based
gn those figures, with gasoline prices at $3.75 per gallon, the average consumer would spend

2,227.50.

10Energy Information Administration, Short-Term Energy Outlook, December 2010—Table
WFO01. Available at http://www.eia.gov/emeu/steo/pub/wi-table.pdf.

11Energy Information Administration, International Petroleum Monthly (November 2010)
Available at http:/www.eia.doe.gov/ipm/supply.html; and Oil and Gas Journal—World Proved
Reserves of Oil and Natural Gas, Most Recent Estimates, (March 2, 2009) Available at
http://www.eia.doe.gov/emeu/international/reserves.html.

12International Energy Agency, World Energy Outlook 2010 at 48 (2010).

13David Baker, “Big Oil has trouble finding new fields,” San Francisco Chronicle, Feb. 1,
2008. Available at http://www.sfgate.com/cgi-bin/article.cgi?f=/c/a/2008/02/01/BUMDUOD7S.DTL.

14 Amy Myers Jaffe & Ronald Soligo, The International Oil Companies at 3 (Nov. 2007)
(The James A. Baker III Institute for Public Policy) Available at http:/www.bakerinstitute.org/
publications/NOC IOCs Jaffe-Soligo.pdf.
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on prices.1®> As to the Arctic National Wildlife Refuge, EIA esti-
mates that if the Refuge were opened for drilling, production would
likely peak in 2027 at just 0.78 million barrels per day—reducing
world oil prices by 78 cents per barrel in EIA’s average price and
resource case.l® EIA notes that “the Organization of Petroleum Ex-
porting Countries (OPEC) could neutralize any potential price im-
pact of ANWR oil production by reducing its oil exports by an equal
amount.” 17

In addition, there is currently no shortage of opportunities for
drilling on federal lands in the United States. Oil and gas compa-
nies currently hold leases to nearly 68 million acres of federal
lands and offshore areas on which they are not currently pro-
ducing.® From 2000 through 2009, the federal government has of-
fered more than 517 million acres for lease offshore and leased
more than 8,700 tracts.1® Onshore, more than 40,000 permits have
been approved for drilling. Nearly 83 percent of technically recover-
able offshore oil reserves offshore in the United States are located
in areas already available for leasing and drilling.20

Finally, regardless of U.S. oil production trends, there are serious
questions about how increasing global demand will be met—and
whether it can be met at all. Estimates of the total petroleum re-
sources currently in the ground—both conventional and unconven-
tional 21—vary from 14 to 24 trillion barrels.22 However, actual
“proven reserves” that have already been discovered and are ex-
pected to be economically producible are much lower—estimated at
between 1.2 and 1.3 trillion barrels worldwide. Chevron Corpora-
tion has estimated that humanity has consumed 1 trillion barrels
of oil during the past 125 years, but that it will take just 30 years
to burn through another trillion barrels. Proven U.S. reserves are
estimated at 21 billion to 30 billion barrels, enough to meet U.S.
demand for 3 or 4 years.23

Generating new oil supply is proving increasingly difficult. The
fields that oil companies find are generally in hard-to-reach places
like deep water areas in the Gulf of Mexico, where drilling and
pumping costs far more than it does on land. Much of these compa-
nies’ current oil supplies come from old giant fields which are now

15Energy Information Administration, Impacts of Increased Access to Oil and Natural Gas Re-
sources in the Lower 48 Federal Outer Continental Shelf. Available at http:/www.eia.doe.gov/
oiaf/aeo/otheranalysis/ongr.html.

16 Energy Information Administration, Analysis of Crude Oil Production in the Arctic National
Willéilltiife Refuge (May 2008). Available at http://www.eia.doe.gov/oiaf/servicerpt/anwr/index.html.

, p. 11.

18 Department of Interior, Minerals Management Service, All Reported Royalty Revenues, Fis-
cal Year 2004. Available at http://www.mrm.mms.gov/MRMWebStats/Disbursements
Royalties.aspx?report=TotalLeasesbyCategory&yeartype=FY &year=2007&asOfDate=10-26-2007.

19 Department of Interior. Mineral Management Service, Table 1. All Lease Offerings. Avail-
able at http:/www.gomr.boemre.gov/homepg/Isesale/swiler/Table 1.PDF.

20 Department of Interior, Mineral Management Service, Report to Congress: Comprehensive
Inventory of U.S. OCS Oil and Natural Gas Resources (Feb. 2006). Available at http:/
www.mms.gov/revaldiv/PDFs/FinalInvRptToCongress050106.pdf. Figures are adjusted to ac-
count for the estimated 1.26 billion barrels of oil and 79.96 trillion cubic feet of gas in the Gulf
of Mexico that were made accessible following this inventory by the Gulf of Mexico Energy Secu-
rity Act of 2006.

21 Conventional oil is crude oil and natural gas liquids produced from underground reservoirs
by means of conventional wells. Non-conventional oil includes oil shales, oil sands, and extra-
heavy crude.

22 EKnergy Information Administration, Long-term Global Oil Scenarios: Looking Beyond 2030
(Slide presentation by Glen Sweetnam from EIA 2008 Energy Conference, April 7, 2008) (EIA
uses 20.6 trillion barrels as its base case.).

23 Energy Information Administration, World Proved Reserves of Oil and Natural Gas, Most
Recent Estimates, Oil and Gas Journal, (March 3, 2009) Available at http:/www.eia.doe.gov/
emeu/international/reserves.html.
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in decline and deepwater fields which may have shorter lifespans
than traditional fields.24 The 87 day BP Deepwater Horizon oil and
gas spill illustrates the inherent risk and increased environmental
and safety challenges of pursuing ever more remote, highly pres-
surized, and difficult to extract hydrocarbon deposits.

Further, a growing share of reserve additions are coming from
revised appraisals of existing fields, not the discovery of new fields.
Even with advances in technology, the average size of discoveries
per exploratory well is around 10 million barrels, which is half the
output of wells dug between 1965 and 1979.25 As a result, the IEA
believes that crude oil output will not exceed the all-time peak pro-
duction level of 70 million barrels per day (mb/d) reached in 2006.
Instead, crude output plateaus around 68-69 mb/d over the next
decade, while production of natural gas liquids and unconventional
oil grows.26

In short, the shrinking margin between stagnant supply and
soaring demand provides yet another reason that the United States
and the world need to begin to look beyond oil to meet our growing
energy needs.

PART II: THE ELECTRICITY CHALLENGE

Even with the recession reducing economic growth and electricity
demand in 2008 and 2009, the U.S. power sector is facing rapid
and sustained growth in demand over the coming decades. Addi-
tionally, our electricity transmission and distribution infrastructure
is outdated and overtaxed, and uncertainty about climate regula-
tion is stalling new investment.

U.S. electricity demand is predicted to increase by 30 percent by
2035, requiring the construction of 250,000 megawatts of new gen-
erating capacity—or equivalent increases in efficiency.2?” Many re-
gions of the country are predicted to see declining levels of reserve
capacity—putting the reliability of the grid at greater risk.

More than 10,000 megawatts of new wind generating capacity
was installed in the United States in 2009,28 making it the second
consecutive year in which more wind capacity was installed than
natural gas, coal, or any other resource.2? While coal remains the
single largest source of electricity in the country (45 percent), fuel-
switching to natural gas contributed to a 12 percent decline in coal-
fired generation in 2009, its lowest share of the electricity market
since 1978. Longer-term, the massive contribution of coal-fired
power plants to global warming pollution and uncertainty regard-
ing climate policy are making it increasingly inadvisable and dif-
ficult to build new conventional coal-fired plants.

Beginning January 1, 2011, EPA will phase in permitting re-
quirements for new plants with greenhouse gas emissions. Power

24 Matthew R. Simmons, Simmons & Company International, The 21st Century Energy Crisis
Has Arrived (Presentation to the CFA Society of Atlanta: April 16, 2008).

25 International Energy Agency, World Energy Outlook 2006 at 90.

26 International Energy Agency, World Energy Outlook 2010 at 48.

27Energy Information Administration, Annual Energy Outlook 2010. Available at http:/
www.eia.doe.gov/oiaf/archive/aeo10/electricity.html.

28 American Wind Energy Association, U.S. Wind Industry Annual Market Report, Year End-
ing 2009 Available at http://e360.yale.edu/images/digest/Annual Market Report Wind.pdf.

29FEnergy Information Administration, Electric Power Annual 2008 Available at ftp:/
ftp.eia.doe.gov/electricity/034808.pdf; and Energy Information Administration, Electric Power
Annual 2009, See table 1.5 Capacity Additions, Retirements and Changes by Energy Source,
2009 at 19. Available at http:/www.eia.doe.gov/cneaf/electricity/epa/epaxlfilel 5.pdf.
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plants will also face new air toxics regulations in the next several
years. Meanwhile, discoveries of domestic shale gas deposits and
advances in horizontal drilling and hydraulic fracturing techniques,
have led to expanded domestic gas reserves and production and the
lowest well-head prices3° in seven years. U.S. solar electric capac-
ity grew 37 percent in 200931 as the price of photovoltaic modules
has declined 50 percent in price over the last two years. While
many advocate nuclear power, massive expansion would be nec-
essary even for it to maintain its current share of U.S. generation,
and there are very substantial financial, market, and other obsta-
cles to such an expansion.

Rapidly growing demand, security challenges, and underinvest-
ment in transmission infrastructure have created concerns about
the reliability of the electrical grid. A number of steps have been
taken to increase grid reliability in the wake of the 2003 blackouts
in the northeast. However, transmission congestion remains a
problem and the margin between capacity and demand is growing
thinner in many regions of the country—notably the Midwest,
Southwest, and California—creating concerns about the potential
for brownouts or blackouts in the next several years.32 The grid’s
increasing reliance on automation and two-way communications,
especially with the rise of advanced metering and other “smart
grid” capabilities, has increased the grid’s vulnerability to remote
cyber attacks.

Retail electricity prices have seen a steady upward march over
the last decade due to rising fuel and infrastructure costs. Prices
have increased from a nationwide average of 6.64 cents per kilo-
watt hour in 1999 to 9.89 cents in 2009, a 49 percent rise.33 How-
ever, electricity represents a much less price volatile form of en-
ergy, as average annual electricity rates are projected by the EIA
to stay relatively steady, increasing to 10.2 cents per kilowatt hour
in real dollars through 2035.

Electricity generation is heavily dependent on water, and grow-
ing water scarcity due to climate change will constrain power gen-
eration in many areas here in the United States and abroad. Power
plants that convert thermal energy into electricity—primarily coal,
natural gas, oil, and nuclear power plants—currently produce 90
percent of U.S. electricity and consume massive amounts of the
country’s fresh water supply for steam generation and cooling.

Hydroelectric power, which typically accounts for another 6-9
percent of U.S. power generation, is of course highly dependent on
water flow. Water used by electric utilities accounts for 20 percent
of all non-farm water use in the United States.3¢ This figure could
rise to 60 percent by 2030, with fast-growing regions like the
Southwest and Southeast hit the hardest. In recent years, de-
creased river flow and increased water temperatures already have

30The well-head price is the price charged by the producer for petroleum or natural gas with-
out transportation costs.

31Solar Energy Industry Association, U.S. Solar Industry Year in Review 2009 (April 15,
2010), Available at http:/seia.org/galleries/default-file/2009%20Solar%20Industry%20Year%20in
%20Review.pdf.

32See generally North American Electric Reliability Corporation, 2007 Long-term Reliability
Assessment (Oct. 2007).

33 Energy Information Administration, Average Retail Price of Electricity to Ultimate Cus-
tomers: Total by End-Use Sector. Available at: http:/www.eia.doe.gov/cneaf/electricity/epm/
table5 3.html.

34 Peter Spotts, “Trade-off looms for arid US regions: water or power?” The Christian Science
Monitor, April 17, 2007.
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led to shut-downs of nuclear power plants in the southeastern
United States and across Europe. These problems will be exacer-
bated as global warming increases temperatures and water scar-
city.

Coal

Coal has not been immune to the increase in fossil fuel costs, as
domestic prices have soared nearly 60 percent between 2000 and
2009.35 These higher prices drove a decline in coal-fired generation
to its lowest share of the domestic electricity market since 1978.

Yet coal remains a key fuel for the electric power sector, both for
the United States and the rest of the world. Often referred to as
the Saudi Arabia of coal, the United States has the largest coal re-
serves in the world (28 percent of global reserves3¢) and produces
more than 10 billion short tons of coal annually. More than 90 per-
cent of U.S. coal consumption is used for electricity generation. It
is frequently asserted that U.S. reserves are sufficient to last 250
years at current rates of consumption, though a 2007 National Re-
search Council report emphasized that this estimate could not be
confirmed and some question whether full recovery is feasible.3”
China and India, two of the largest, fastest growing economies in
the world, have large reserves and rely on coal for most of their
electricity generation (80 percent for China and 71 percent for
India).38

Coal presents a serious challenge from the perspective of global
warming, and the successful development of carbon capture and se-
questration (CCS) technologies will be crucial to reconciling our
continued reliance on coal with the urgent need to reduce green-
house gas emissions. Because of coal’s high-carbon content, coal-
fired power plants emit roughly twice as much carbon dioxide per
unit of electricity as natural gas-fired plants. Existing coal-fired
plants account for about a third of U.S. CO, emissions, and pro-
jected business-as-usual expansion in conventional coal-fired power
plants would make achieving science-based reductions of carbon
emissions impossible. Globally, coal-fired generation is expected to
nearly double between 2007 and 2035, with the lion’s share of new
capacity being built in China and India.3? If built without carbon
controls, these new coal plants alone would increase global green-
house gas emissions by nearly 19 percent above current levels.40

Here in the United States, construction of new coal-fired power
plants has slowed. According to one tally, more than 100 coal-fired
power plants were cancelled, abandoned, or put on hold between
2007 and 2009.41 While 2009 saw more new coal capacity come on-
line in the United States in a single year since 1991, it was far less

35 Energy Information Administration, Annual Energy Review 2009, Table 7.8 Coal Prices, Se-
lected Years, 1949-2009. Available at http://www.eia.gov/emeu/aer/pdf/pages/sec7 19.pdf.

36 Energy Information Administration, International Energy Statistics, Total Recoverable
Coal. Available at http:/tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=6.

37National Research Council, Coal: Research and Development to Support National Energy
Policy (2007).

38 Knergy Information Administration, International Energy Outlook 2010, at 87. Available at
http://www.eia.doe.gov/oiaf/ieo/pdf/electricity.pdf.

39Energy Information Administration, International Energy Outlook 2010. Available at
http://www.eia.doe.gov/oiaf/ieo/pdf/electricity.pdf.

40As calculated by Select Committee Staff. See Energy Information Administration, Inter-
national Energy Outlook 2010, Available at http:/www.eia.doe.gov/oiaf/ieo/pdf/electricity.pdf.

41Source Watch “Coal plants cancelled in 2009,” available at http:/www.sourcewatch.org/
index.php?title=Coal plants cancelled in 2009.
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than new wind (9,410 MW) and natural gas (9,403 MW) capacity
added that year.#2 In fact, more than four times as much planned
coal capacity was cancelled or abandoned (14,900 MW) as was com-
pleted (3,200 MW) in 2009.43 This slowdown was due in large part
to public and regulatory opposition related coal plants’ emissions of
CO, as well as conventional pollutants, such as mercury. This op-
position, together with uncertainty about future climate regulation,
is making it increasingly difficult for new coal-fired power plants
to secure financing. For example, in February 2008, three of what
were then Wall Street’s biggest investment banks issued standards
requiring utilities seeking financing for coal-fired power plants to
demonstrate that the plants will be economically viable even with
stringent federal controls on CO, emissions.**

Natural Gas

Two qualities make natural gas an important bridge fuel in the
U.S. energy system: it emits roughly half the carbon as coal in pro-
ducing the same amount of energy, and it is found and produced
in the United States. Although the United States consumes 23 per-
cent of the world’s natural gas and has less than 4 percent of global
reserves 45—ultimately an unsustainable equation—natural gas
does not present the same immediate geopolitical and economic se-
curity risks as oil. Net natural gas imports currently make up just
12 percent of total supply, the vast majority of which comes from
Canada. Further, EIA projects imports to fall to 6 percent of U.S.
supply in 2035.46 After four consecutive years of production in-
creases, the United States is now producing more natural gas than
it ever has before. It has become a fuel of choice for new power
plants in the United States because of its low emissions, compara-
tively low capital cost, short lead times for plant construction, and
relatively low current fuel prices. The electric power sector now ac-
counts for 30 percent of total U.S. natural gas consumption, nearly
the same as the manufacturing sector.4?

New drilling technologies, especially horizontal drilling and hy-
draulic fracturing, have driven the recent surge in domestic produc-
tion by allowing the extraction of shale gas from geologic forma-
tions that could not be tapped with traditional techniques. The re-
source potential of shale gas has significantly increased the natural
gas reserve estimates in the United States.*® The Potential Gas
Committee estimated in 2009 that the United States held 35 per-
cent more gas reserves than it believed two years earlier, an 80-

42Energy Information Administration, Electric Power Annual 2009, Table 1.5. Capacity Addi-
tions, Retirements and Changes by Energy Source (2009). Available at http:/www.eia.doe.gov/
cneaf/electricity/epa/epaxlfilel  5.pdf.

43 National Energy Technology Laboratories, Tracking New Coal-Fired Power Plants, January
8, 2010. Available at http:/www.netl.doe.gov/coal/refshelf/ncp.pdf.

44 See, e.g., Jeffrey Ball, “Wall Street Shows Skepticism Over Coal: Banks Push Utilities To
Plan for Impact of Emissions Caps,” Wall Street Journal, Feb. 4, 2008, at A6.

45Energy Information Administration, World Proved Reserves of Oil and Natural Gas, Most
Recent Estimates (March 3, 2009), Oil and Gas Journal data. Available at http:/
www.eia.doe.gov/emeu/international/reserves.html.

46 Energy Information Administration, Annual Energy Outlook 2010 with Projections to 2035,
May 11, 2010. Available at http:/www.eia.doe.gov/oiaf/aeo/gas.html.

47Energy Information Administration, Natural Gas Consumption by End Use (November
2010). Available at http:/tonto.eia.doe.gov/dnav/ng/ng cons sum dcu nus m.htm.

48 Energy Information Administration, Annual Energy Outlook 2010 with Projections to 2035,
May 11, 2010, at 1. Available at http://www.eia.doe.gov/oiaf/aeo/gas.html.
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year domestic supply at current rates of production.?® Shale gas
now accounts for nearly a third of total U.S. gas reserves, and the
EIA estimates that shale resources will provide 24 percent of total
U.S. natural gas supply by 2035, up from 6 percent currently.50

By contrast, recent proposals to open new areas of the Outer
Continental Shelf (OCS) for gas production are unlikely to lead to
substantial new production or to significant downward pressure on
prices. According to EIA, less than 7 percent of total U.S. proven
natural gas reserves are OCS offshore reserves. EIA estimates that
73 percent of these technically recoverable natural gas resources in
the OCS (or all but 2 percent of total proven natural gas reserves)
are already available for leasing and development.?! Furthermore,
EIA’s analysis found that “lower 48 natural gas production is not
projected to increase substantially by 2030 as a result of increased
access to the OCS.” 52

Development of onshore unconventional resources has stressed
water availability and quality in some areas. The Energy Policy Act
of 2005 exempted hydraulic fracturing from regulation under the
Safe Drinking Water Act, which has intensified concerns about the
potential environmental impacts of hydraulic fracturing, focusing
primarily on the potential for fracturing fluid, which may include
chemical lubricants, gels, and biocides, to contaminate water sup-
plies.53 Coalbed methane production—another form of unconven-
tional gas development—releases saline water from the coal seams
that can also contain arsenic, lead and other heavy metals ¢ and
must be dealt with properly to avoid contamination of water sup-
plies or destruction of pasture as has occurred in some areas of Wy-
oming.5®> In some areas of the country, water supply systems are
struggling to meet the demands of increased natural gas production
on top of existing drinking and agriculture usage.56

Natural gas also comes with the same price volatility concerns as
oil. Between 2002 and 2008, average monthly U.S. well head prices
soared more than 400 percent. Just a year later, in 2009, prices
had fallen by two-thirds from their high in 2008. This has had a
deleterious effect on some industries that rely on natural gas a key
input—such as pulp and paper, metals, glass, and plastic—as well
as end users like farmers, who must spend much more for natural
gas-based fertilizer.

49 Potential Gas Committee, Press Release: “Potential Gas Committee Reports Unprecedented
Increase in Magnitude of Natural Gas Resource Base,” June 18, 2009. Available at http:/www.
energyindepth.org/wp-content/uploads/2009/03/potential-gas-committee-reports-unprecedented-
increase-in.pdf.

50Energy Information Administration, Annual Energy Outlook 2010, available at http:/
www.eia.doe.gov/oiaf/aeo/.

51 Energy Information Administration, Impacts of Increased Access to Oil and Natural Gas Re-
sources in the Lower 48 Federal Outer Continental Shelf (2007), available at http:/
www.eia.doe.gov/oiaf/aeo/otheranalysis/ongr.html

521d.

53 Steve Hargreaves, Natural gas vs. contaminated water, CNNMoney.com, July 29, 2008,
available at http://money.cnn.com/2008/07/28/news/economy/ shale drilling/index.htm.

54U.S. Geological Survey, Fact Sheet FS-156-00, Water Produced With Coal Bed Methane
(Nov. 2000), available at http:/pubs.usgs.gov/fs/fs-0156-00/fs-0156-00.pdf.

55Hal Clifford, Wyoming’s powder key, High Country News, Nov. 5, 2001, available at
http://www.hcn.org/issues/214/10823.

56Vickie Welborn, “Competition for Water Raises Concerns” Shreveport Times, August 8,
2008.
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Nuclear

With a fleet of 104 commercial nuclear reactors, the United
States is by far the largest producer of nuclear power in the world.
In 2009, nuclear accounted for 20 percent of total U.S. electric gen-
eration, a share that has remained relatively stable over the last
two decades. While the number of commercial reactors has re-
mained the same since 1998, the fleet capacity factor—or the per-
centage of the time the generators are running at full capacity—
has increased from 78 percent to more than 90 percent.5?7 While
U.S. reactors were designed and commissioned to operate for 40-
year lives, 59 commercial reactors have now received 20-year li-
cense extensions from the Nuclear Regulatory Commission (NRC),
giving them up to a total of 60 years of operation. Extensions for
21 additional reactors are currently under review, and more are
anticipated, according to NRC.58

Electric utilities have filed 17 applications with the Nuclear Reg-
ulatory Commission for 26 new reactor operating licenses since
2007, the first new reactor applications submitted to U.S. regu-
lators in three decades. While some are reading this activity as an
indication of a nuclear “renaissance”, the nuclear industry con-
tinues to face significant challenges. The cost of new nuclear plants
has ballooned in recent years and now approaches or exceeds the
total market capitalization of many electric utility companies.5°

While nuclear power is a mature technology that has been
around for more than half a century, the industry’s long-running
inability to build safe reactors on time and on budget continues to
make financing very difficult for new projects. According to the
Congressional Budget Office for the more than 40 nuclear power
projects underway since the partial-core meltdown at Three Mile
Island in 1979, construction cost overruns exceeded 250 percent.
For the 67 nuclear plants that have come online in the United
States since 1976, on average more than 13 years passed between
when a new plant application was officially accepted by the Nu-
clear Regulatory Committee and when the plant began commercial
operation.60 The last reactor completed in the United States came
online in 1996 after a construction period of 23 years. Since the nu-
clear building boom of the 1970s and 1980s, the nuclear industry
and the number of skilled nuclear workers in the United States has
contracted substantially, making a nuclear resurgence all the more
difficult and less likely to be driven by domestic workers.

Cost projections for new nuclear power plants have also in-
creased dramatically and made it unlikely new projects can be fi-
nanced without taxpayer-backed loan guarantees. The nuclear in-
dustry projects a new large reactor would cost around $2 billion to
construct, which would place new projects at the low end of the $2
to $6 billion range seen for reactors completed since the mid-1980s

57 Energy Information Administration, Annual Energy Review, 2009, p. 277.

58 Nuclear Regulatory Commission, Status of License Renewal Applications and Industry Ac-
tivities, February 3, 2010. Available at http:/www.nrc.gov/reactors/operating/licensing/renewal/
applications.html.

59 Lovins, Amory B., Invited testimony to the Select Committee on Energy Independence and
Global Warming, Hearing on “Nuclear Power in a Warming World: Solution or Illusion?” (March
12é02%08) available at http:/globalwarming.house.gov/tools/assets/files/0401.pdf.

Id.
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(in 2007 dollars).61 However, the 2007 Keystone Center study has
found costs for the same plant could reach $4 billion. New plants
are now expected to cost $6—8 billion each,52 a figure which ap-
proaches or exceeds the total market capitalization of many electric
power companies.

In light of these costs and risks, it remains in doubt whether pri-
vate financing will be available for any new nuclear facilities with-
out the assurance of federal government guarantees on the loans.
The Congressional Budget Office has estimated the risk of default
on such loans to be “very high—well above 50 percent.” 63

The existing Department of Energy Loan Guarantee Program
has been authorized to award $38.5 billion in loan guarantees,54
more than half of which is specifically targeted at jumpstarting nu-
clear power. The Department has received 19 applications for fed-
eral loan guarantees to build 22 proposed nuclear power plants, to-
taling $122 billion in requested assistance. The Director of the De-
partment’s loan program office has stated that $18.5 billion could
probably accommodate only two power plants unless coupled with
additional financing assistance.®5 Additional financing from foreign
government export credit agencies, in exchange for agreements on
the sourcing of reactor components, could—in conjunction with the
federal loan guarantees—increase the number of nuclear plants re-
ceiving loan guarantees to four. The Nuclear Energy Institute has
stated that at no time “in the immediate future” are private compa-
nies anticipated to be able to finance new nuclear plants without
the aid of federal loan guarantees. In recognition of this, the Nu-
clear Energy Institute endorsed the major energy infrastructure fi-
nancing mechanism—the Clean Energy Deployment Administra-
tion—that was included in the American Clean Energy and Secu-
rity Act that passed the House of Representatives in 2009.66

Loan guarantee commitments are offered conditionally, contin-
gent upon an applicant subsequently receiving both a reactor de-
sign certification and a construction and operating license from the
NRC.6” On February 16, 2010, the Department of Energy an-
nounced the first of these nuclear loan guarantees, an $8.3 billion
award to a consortium led by the Southern Company to support the
construction of two nuclear reactors in Georgia.®8 The other recent
loan guarantee deal that was in the final stages fell through when
the applicant, Constellation Energy, pulled out after a disagree-
ment over the financing terms offered by the loan guarantee pro-

61 Congressional Research Service, Report RL33558, Nuclear Energy Policy, by Mark Holt (Oc-
tober 21, 2010) available at http:/www.crs.gov/Products/RL/PDF/RL33558.pdf.

62Nuclear Energy Institute, Policies That Support New Nuclear Power Plant Development
(October 2009) available at http://www.nei.org/resourcesandstats/documentlibrary/newplants/
factsheet/policiessupportnewplantdevelopment/?page=2.

63 Congressional Budget Office, Cost Estimate, S.14, Energy Policy Act of 2003, at 11 (May
7, 2003), available at http://www.cbo.gov/ftpdocs/42xx/doc4206/s14.pdf.

64This does not include $2.5 billion appropriated through the Recovery Act which is estimated
to support approximately $21 billion in loan guarantees. Department of Energy, Loan Guarantee
Programs, (August 2010) available at http:/www.energy.gov/recovery/lgprogram.htm.

65 Katherine Ling, “Nuclear Power: 17 apply for DOE loan guarantees, far exceeding available
cash,” Greenwire, Oct. 2, 2008.

66 Nuclear Energy Institute, June 26, 2009 available at http:/www.nei.org/newsandevents/
senatevotenuclearplantdeployment/nei-welcomes-inclusion-of-clean-energy-provisions-in-climate-
bill-okd-by-house/.

67 Secretary Stephen Chu response to questions from Rep. Markey, December 22, 2009. See
http:/globalwarming.house.gov/mediacenter/pressreleases  2008?id=0186#main_ content.

68 New York Times (ClimateWire), DOE Delivers Its First, Long-Awaited Nuclear Loan Guar-
antee, February 17, 2010, available at http:/www.nytimes.com/cwire/2010/02/17/17climatewire-
doe-delivers-its-first-long-awaited-nuclear-71731.html.
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gram.%? The Georgia project is unique in that, under Georgia state
law, the consortium can begin recovering project costs from rate
payers while the plants are under construction, several years be-
fore the project generates any power for its customers. This is an-
other financing mechanism that utilities in some states are looking
to replicate to help cover the huge cost of new nuclear projects.

Beyond the financing problem, nuclear power faces a major chal-
lenge in remaining competitive in electricity markets where low
cost generation has priority dispatch to the grid. While the cost of
nuclear power is very low on an operating basis, when the huge up-
front capital costs are calculated into electricity rates charged to
consumers, nuclear power becomes very expensive. Over the long
term, the way nuclear power will overcome this and become more
competitive is through the realization of its low-carbon benefits.
That is why the CEOs of Constellation Energy (60 percent of its
electric generation is from nuclear power), Exelon (the largest nu-
clear plant operator in the United States), Florida Power and Light
(20 percent of generation from nuclear), and Entergy (50 percent of
generation from nuclear) all support a national cap on greenhouse
gas emissions.

Long-term nuclear waste disposal continues to be a problem as
well. The Obama Administration requested no funding for the
Yucca Mountain repository for FY 2011, instead determining that
developing the Yucca Mountain repository is not a workable option
and the nation needs a different solution for nuclear waste dis-
posal.’0 Alternatives to Yucca Mountain are being evaluated by the
Blue Ribbon Commission on America’s Nuclear Future, which was
formally established by the Department of Energy on March 1,
2010.

Renewables

Renewable sources of energy can and should become a major con-
tributor to the U.S. electricity supply within the foreseeable future.
Renewables such as wind, solar, biomass, geothermal, and hydro
currently generate 10.5 percent of the country’s electricity, with
non-hydro renewables responsible for 3.6 percent.”l Even with no
changes to current policy, EIA projects renewable generation to ac-
count for 45 percent of the increase in total generation through
2035. Assuming a long-term extension of the production tax credit
(PTC), renewable energy’s share of increased electricity generation
grows to 61-65 percent through 2035.72 Reaching 20 percent of
total generation by 2020 is an ambitious, but achievable target for
renewables based on the current state of the technologies and the
available renewable resources.

Adoption of a national renewable electricity standard (RES) re-
quiring that 20 percent of electricity generated in the United States
come from renewable sources by 2020 should be a centerpiece of
our national energy strategy. A key driver of renewable energy
growth in the United States has been state-level RESs. Thirty

69The Washington Post, Constellation Energy shelves plan for Calvert Cliffs reactor, October
13, 2010, available at http://www.washingtonpost.com/wp-dyn/content/article/2010/10/08/
AR2010100807370.html.

70 Department of Energy, FY2011 Budget Justification.

71Energy Information Administration, Annual Energy Review 2007, Table 8.2b Electricity Net
Generation: Electric Power Sector, Selected Years, 1949-2007 (2007).

72 Energy Information Administration, Annual Energy Outlook, 2010.
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States and the District of Columbia now have enforceable RESs or
similar laws. In 2009, these states were responsible for 77 percent
of total U.S. renewable energy.”3

The types and quantities of renewable electricity required under
these programs vary widely among the states, but it has become
clear that states with RESs are deploying more renewable elec-
tricity generation than states without them. At the same time, RES
policies are having little or no impact on consumer electricity rates
and in many markets the renewable electricity is priced competi-
tively with fossil fuel-based generation.”* The House of Representa-
tives passed a national RES of 15 percent by 2020 in the 110th
Congress and a national RES of 20 percent by 2020 in the 111th
Congress, but neither measure passed in the Senate. Like many
state programs, these House-passed RESs allowed a percentage of
the renewable energy requirement to be fulfilled through utility
programs that increase energy efficiency. This energy efficiency
mechanism provides utilities with increased flexibility and gives re-
gions with less renewable resources another way to achieve compli-
ance, even providing lower utility bills to consumers in the process.

Tax incentives—including the existing Production Tax Credit
(PTC) and the Investment Tax Credit (ITC)—also play a key role
in deploying renewable electricity generation, providing a policy
“bridge” that is helping the renewable energy industry survive in
an environment where the benefits of low- and zero-carbon emis-
sions are not properly valued by the market. These two policies
have been a major driver of renewable energy development over
the past several years by giving individuals, businesses, and utili-
ties incentives to invest in renewable energy generation.

In response to a collapsed tax equity market in late 2008 that
made it difficult for renewable energy developers to use these tax
credits, the 1603 Treasury Grant Program was included in the
American Recovery and Reinvestment Act to temporarily allow re-
newable energy developers to convert tax credits into cash grants
of equal value. The highly successful program allowed the renew-
able energy industry to continue to grow during the recession, cre-
ating 55,000 jobs and directly leading to the deployment of 4,250
megawatts of renewable energy in 2009.75

The federal government has an important role to play in elimi-
nating regulatory barriers to the expansion of renewable electricity
generation. Despite the success of state-level initiatives to promote
renewables, the balkanized structure for electricity regulation and
the inconsistency of federal and state incentive programs have cre-
ated a relatively unstable investment climate for the domestic re-
newable electricity market, limiting financing opportunities for in-
dividual projects and domestic manufacturing capacity. The federal
government has a key role to play in helping to rationalize these
programs and regulatory regimes to encourage expanded renewable
electricity generation.

73 Energy Information Administration, Renewable Energy Consumption and Electricity Pre-
liminary Statistics 2009, available at http:/www.eia.doe.gov/cneaf/alternate/page/renew
energy consump/rea prereport.html.

74 Ryan Wiser & Galen Barbose, Renewable Portfolio Standards in the United States: A Status
Report with Data Through 2007, Lawrence Berkeley National Laboratory (April 2008), available
at http://eetd.lbl.gov/ea/EMS/reports/lbnl-154e-revised.pdf.

75 American Wind Energy Association, Press Release: Tens of Thousands of Layoffs in Amer-
ican Wind Energy Seen at State in Tax Extender Package, December 7, 2010, available online
at http://www.awea.org/rn_ release 12-07-10.cfm.
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Wind

The global market for wind power grew 32 percent in 2009, as
more than 38,000 megawatts of new wind capacity was installed
worldwide. More than 10,000 megawatts of this was installed in
the United States 76 where, for the second consecutive year, more
wind capacity was installed than any other source.”” Over the last
five years, wind installations in the United States have expanded
39 percent annually.”® Four U.S. states—all of which have state
RESs—account for 51 percent of total U.S. wind capacity: Texas,
Iowa, California, and Washington.”® However, while the U.S. is the
global leader in installed wind capacity, China is catching up
quickly and may overtake the United States in 2010 or 2011.80

Department of Energy research suggests generating 20 percent of
electricity from wind in the United States by 2030 is an ambitious
yet feasible scenario, which would require a build-out of 300,000
megawatts of wind capacity.8! The EIA projects 27,000 megawatts
to be installed through 2013, which would bring total installed ca-
pacity to 62,000 megawatts.82 To meet the 20 percent goal, wind
turbine production capacity would have to ramp up to 16,000 new
megawatts per year by around 2018,%3 up from a current baseline
production capacity of nearly 8,000 megawatts per year.84

As wind technology continues to improve, prices are falling and
capacity factors are increasing. The cost of wind energy over the
past 20 years has dropped from 40 cents per kWh to 4 to 6 cents
per kWh at good sites. Increases in the capacity factor of the tur-
bines—or the percentage of time in which they are producing at
their full capacity—have grown 11 percent over the past two years
and will continue to increase as the technology improves. While
most new wind turbines in the United States produce 1.5 to 2.5
megawatts of power, superconducting materials may enable the
construction of 10 megawatt turbines in the near future. These
larger machines will be well suited for offshore wind developments,
plans for which have accelerated recently. In addition to the 130-
turbine wind farm off the coast of Massachusetts that is poised to
start construction in 2011, Cape Wind, there are at least 11 other

76 American Wind Energy Association, U.S. Wind Industry Annual Markey Report, Year End-
ing 2009, Available at http:/e360.yale.edu/images/digest/Annual Market Report Wind.pdf.

77Energy Information Administration/Electric Power Annual 2008, available at ftp:/
ftp.eia.doe.gov/electricity/034808.pdf; and Energy Information Administration/Electric Power An-
nual 2009, U.S. Energy Information Administration/Electric Power Annual 2009, page 19, see
table 1.5. Capacity Additions, Retirements and Changes by Energy Source, 2009 available at
http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfilel 5.pdf.

78 American Wind Energy Association, Windpower Outlook 2010, Available at http:/
www.awea.org/documents/reports/Outlook 2010.pdf.

79 Energy Information Administration, Electric Power Industry 2009: Year in Review (Novem-
ber 2010) available at http:/www.eia.doe.gov/cneaf/electricity/epa/epa sum.html.

80 Pew Environment Group, Who’s Winning the Clean Energy Race? (2010), Page 13. Available
at http://www.pewglobalwarming.org/cleanenergyeconomy/pdf/PewG-20Report.pdf.

81U.S. Department of Energy, 20% Wind Energy By 2030: Increasing Wind Energy’s Con-
tribution to the U.S. Electricity Supply (July 2008). Available at http://www1.eere.energy.gov/
windandhydro/pdfs/41869.pdf.

82 Energy Information Administration, Annual Energy Outlook 2011.

837.S. Department of Energy, 20% Wind Energy By 2030: Increasing Wind Energy’s Con-
tribution to the U.S. Electricity Supply (July 2008). Available at http:/www1l.eere.energy.gov/
windandhydro/pdfs/41869.pdf.

84 Bloomberg New Energy Finance, Ethan Zindler, Fostering Green Technology Innovation,
slide presentation, July 8, 2010.
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offshore wind projects in development across seven states.85 The
available wind resources off U.S. coasts are massive, estimated by
the National Renewable Energy Laboratory to be 4,150,000
megawatts, or more than four times the capacity of all existing
U.S. electrical generation.86

Solar

More energy in the form of solar radiation strikes the Earth’s
surface in an hour than humanity uses in an entire year. Cap-
turing this energy and converting it into electricity is primarily
done through photovoltaic cells that convert sunlight into direct
electrical current and concentrating solar power, which con-
centrates the sun’s energy using huge mirrors or lenses and then
uses this heat to run a conventional turbine.

Solar photovoltaics (PV) have experienced explosive growth over
the last several years, with world capacity growing 44 percent in
2009 alone87 and installed capacity has grown from 1,200
megawatts in 2000 to more than 20,000 megawatts in 2009.88 Total
U.S. solar electric capacity climbed past 2,000 megawatts in 2009,
enough to serve more than 350,000 homes. Solar has expanded out
of the residential and commercial rooftop niche, with more than
6,000 megawatts of utility-scale solar projects announced in the
United States. The National Renewable Energy Laboratory has
identified the potential for nearly 7,000,000 megawatts of solar
thermal power generation in the southwestern United States,
roughly seven times current U.S. electric generating capacity. Glob-
ally, research from the European Photovoltaic Industry Association
and Greenpeace suggests that by 2030, global PV capacity could
reach 1,864,000 megawatts and satisfy the electricity needs of 14
percent of the world’s population.8?

Technology advances and increases in the scale of production in
the solar industry have exceeded those of any other renewable en-
ergy sector as prices for PV modules have fallen to less than $3.50
per watt from almost $100 per watt in 1975.9°9 Solar PV prices have
declined an average of 4 percent per year over the past 15 years.?1
The accumulation of innovations and movement down the techno-
logical learning curve experienced in solar PV is somewhat analo-

85The Washington Post, Offshore wind farm near Cape Cod, first in U.S., gets federal ap-
proval, April 29, 2010, available at http://www.washingtonpost.com/wp-dyn/content/article/2010/
04/28/AR2010042804398.html.

86 National Renewable Energy Laboratory, Large-Scale Offshore Wind Power in the United
States; Assessment of Opportunities and Barriers (September 2010), available at http:/
www.nrel.gov/wind/pdfs/40745.pdf.

87 Solar Energy Industry Association, US Solar Industry Year in Review 2009 (April 15, 2010)
available at http:/seia.org/galleries/default-file/2009%20Solar%20Industry%20Year%20in%20
Review.pdf.

88 Kuropean Photovoltaic Industry Association and Greenpeace, Solar Generation V—2008
Solar electricity for over one billion people and two million jobs by 2020 (2008), available at
http:/ |www.greenpeace.org [ raw [ content | international /| press | reports | solar-generation-v—
2008.pdf.

89 Kuropean Photovoltaic Industry Association and Greenpeace, Solar Generation V—2008
Solar electricity for over one billion people and two million jobs by 2020 (2008), available at
http://www.greenpeace.org/raw/content/international/press/reports/solar-generation-v-2008.pdf.

90This reflects crystalline silicon cell technology, which forms about 90% of the solar cell mar-
ket. See Solar Buzz, Solar Module Retail Price Highlights: December 2010, Available at http:/
www.solarbuzz.com/Moduleprices.htm.

91Solarbuzz. Fast Solar Energy Facts: Global Performance, available at http:/
www.solarbuzz.com/FastFactsIndustry.htm.
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gous to Moore’s Law92 in microelectronics. Over the long term,
every time deployment of solar PV capacity doubles, the cost of
solar falls by 18 percent. Projected forward, this learning curve
would have solar PV reaching grid parity by 2020.93 The Depart-
ment of Energy’s Solar America Initiative seeks to make solar PV
cost-competitive with conventional forms of electricity by 2015.
Huge investments in new production of polysilicon (the critical
input for most PV cells) have come online recently, ending a tem-
porary materials shortage and leading to a solar module price drop
upwards of 50 percent over the past 2 years.94

Geothermal

The Earth produces more internal energy, in the form of heat,
than humans can possibly use. Like solar, the use of geothermal
energy is only limited by technology and the associated costs. Un-
like solar, geothermal is a baseload power resource and not vulner-
able to intermittency problems. While the United States has the
most installed capacity of geothermal energy in the world—about
2,500 megawatts across six states—the amount of electricity pro-
duced from geothermal energy has essentially been flat for the past
two decades. However, the American Recovery and Reinvestment
Act created a building boom in the United States recently with 188
projects currently in different stages of development across fifteen
states which could produce as much as 7,875 MW of new electric
power.95 The sector is expected to grow rapidly in several other
countries as well over the next 5 years, ramping up global capacity
by 78 percent to more than 19,000 megawatts in 2015.96

The United States has massive, untapped geothermal energy re-
sources. Scientists with the U.S. Geological Survey (USGS) recently
found that the electric generation potential from currently identi-
fied geothermal systems distributed over 13 U.S. states is more
than 9,000 megawatts. Their estimated power production potential
from yet to be discovered geothermal resources is more than 30,000
megawatts. An additional 500,000 megawatts may be available by
harnessing geothermal reservoirs characterized by high tempera-
ture, but low permeability, rock formations.97

Biomass

Biomass currently supplies more electricity in the United States
than wind, solar, and geothermal power combined, and the poten-
tial for additional generation from this energy source is vast. Bio-

92 Moore’s law describes the long-term trend in computing hardware in which the number of
transistors that can be placed on an integrated circuit has doubled approximately every two
years.

93 Emanuel Sachs, in testimony to the Select Committee on Energy Independence and Global
Warming, Hearing on “New Technologies: What’s Around the Corner” (July 28, 2009) available
at http:/globalwarming.house.gov/pubs?id=0007#main content.

94 Solar Energy Industry Association, US Solar Industry Year in Review 2009 (April 15, 2010)
%vailabledf at http:/seia.org/galleries/default-file/2009%20Solar%20Industry%20Year%20in%20

eview.pdf.

95 Geothermal Energy Association, Geothermal grows 26% in 2009 GEA identifies new projects
underway in 15 states, April 2010 Update Release, Available at http:/geo-energy.org/
pressReleases/April2010 Final.aspx.

96 ABS Energy Research, The Geothermal Energy Report—Direct Use and Power Generation,
Edition 6 2010, available at http:/www.absenergyresearch.com/cmsfiles/reports/Geothermal-
Report-2010.pdf.

971U.S. Geological Survey, Fact Sheet: Assessment of Moderate- and High-Temperature Geo-
thermal Resources of the United States (2008), available at http:/pubs.usgs.gov/fs/2008/3082/pdf/
fs2008-3082.pdf.
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mass available for electricity generation includes residues from for-
ests, primary mills, and agriculture, as well as dedicated energy
crops and urban wood wastes. Biomass can be used as the sole fuel
source for power plants, or it can be used in conventional power
plants to substitute for a portion of the traditional fuel, typically
coal, in a process called co-firing. While most co-firing plants use
biomass for between 1 and 8 percent of heat input,® biomass can
effectively substitute for up to 20 percent of the coal used in the
boiler.?? In addition to reducing lifecycle greenhouse gas emissions,
co-firing biomass also lowers fuel costs, avoids landfilling, and re-
duces emissions of sulfur oxide and nitrogen oxide.

An EIA analysis of the impacts of a 15 percent national renew-
able electricity requirement found that electricity production from
biomass could grow by a factor of eight between 2005 and 2030.100
Most of this generation would come in the southeastern United
States, where nearly a third of the country’s biomass feedstock po-
tential exists.101 The EIA found that the Southeast region could
meet nearly its entire 15 percent
renewable requirement through 2020 with indigenous biomass re-
sources.102 Using biomass for electricity would help the region cre-
ate thousands of jobs, increase global export opportunities, and
keep billions of dollars in the Southeast that would have otherwise
left to import coal and other fuels from other states and countries.

Hydropower

Hydropower is the largest source of installed renewable elec-
tricity in the United States, providing 7 percent of U.S. electricity
in 2009, and accounts for two-thirds of U.S. electricity generated
from renewable resources.193 Only China, Canada, and Brazil gen-
erate more electricity from hydropower than the United States.104
The 78,000 megawatts of installed capacity in the United States
has remained relatively unchanged over the past 3 decades.105
However, with only 3 percent of the 80,000 existing dams in the
United States currently generating electricity, there exists great
potential for increased hydropower capacity additions. The vast
majority of dams in the United States were built and are operated
for purposes such as flood control navigation and water supply. The
hydropower industry projects nearly 19,000 megawatts of new hy-
dropower capacity could be added by 2025 at existing dam facilities
through efficiency upgrades and capacity additions with the pas-
sage of an RES. A strong federal RES could also incentivize nearly

98Z7ia Haq, Energy Information Administration, Biomass for Electricity Generation, available
at http://www.eia.doe.gov/oiaf/analysispaper/biomass/.

9 Federal Energy Management Program (FEMP), Biomass Cofiring in Coal-fired Boilers,
f]_)OE/E%f—‘OZSS. (2004), available at http://wwwl.eere.energy.gov/femp/pdfs/fta biomass  co-
iring.pdf.

100 Energy Information Administration, Impacts of a 15-Percent Renewable Portfolio Standard
at 9 (Table 2: Summary Results) (June 2007), available at http://www.eia.doe.gov/oiaf/servicerpt/
prps/pdf/sroiaf(2007)03.pdf.

101 Marie Walsh et al., Oak Ridge National Laboratory, Biomass Feedstock Availability in the
United States: 1999 State Level Analysis (Jan. 2000), available at http:/bioenergy.ornl.gov/
resourcedata/index.html.

102 Energy Information Administration, Regional Generation Impacts of a 15-Percent Renew-
able Portfolio Standard (RPS) (Supplement to Report #: SR-OIAF/2007-03) (June 2007), avail-
able at http:/www.eia.doe.gov/oiaf/servicerpt/prps/pdf/regional generation.pdf.

103 National Hydropower Association, Hydropower: For a Clean Energy Future Fact Sheet,
available online at http://www.hydro.org/hydrofacts/two-pager4.pdf.

104 Energy Information Administration, International Electricity Generation, available at
http://www.eia.doe.gov/emeuw/international/electricitygeneration.html.

105 Energy Information Administration, Annual Energy Review 2009, at 264.
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16,000 more megawatts of hydro capacity installations by 2025
using wave, ocean current, tidal, and inland hydrokinetic resources.
None of these nearly 35,000 megawatts of new facilities would re-
quire a new dam, and they would only scratch the surface of the
371,000 megawatts of new hydro resource potential in the United
States.106

II. AN OVERVIEW OF THE CLIMATE CHANGE CRISIS

A clear scientific consensus now holds that climate change is oc-
curring and that greenhouse gases (GHGs) emitted from human ac-
tivities are largely responsible. During the past two centuries of in-
dustrialization, atmospheric concentrations of GHGs have in-
creased dramatically, a shift comparable to that seen over the last
20,000 years as the Earth naturally transitioned out of its last ice
age.107 Concentrations of carbon dioxide (CO,), the dominant GHG
emitted by human activities, have increased from about 280 parts
per million (ppm) in 1750108 to nearly 390 ppm in 2010199 and are
now approximately 30 percent above the highest levels of the pre-
ceding 800,000 years.110 This has produced a dramatic shift in
ocean chemistry, disrupting the delicate acid-base balance to which
marine organisms are accustomed. Global average surface tempera-
ture has increased about 1.4°F over the past century. These
changes are already causing a broad range of adverse impacts to
human and natural systems. Failure to rapidly reduce GHG emis-
sions will result in even more catastrophic impacts at a global
scale.

If emissions of GHGs continue to grow unabated, the likely near-
to medium-term impacts of unchecked climate change may include:

¢ Increasingly severe water scarcity, subjecting up to 1.2 bil-
lion additional people in Asia, up to 250 million people in Afri-
ca,111 and up to 80 million people in Latin America to increas-
ing water stress by 2020.112

e Further warming and acidification of the oceans, severely
impacting global fisheries and contributing to the collapse of
coral reefs around the world.113 Ocean acidification has already
risen by about 30 percent due to increased carbon pollution
since 1750.

e Expected sea level rise of approximately 3 to 4 feet and
possibly as much as 6.5 feet by 2100,114 subjecting roughly a
billion people living in coastal areas around the world to in-

106 Navigant Consulting, Job Creation Opportunities in Hydropower (September 20, 2009).

107 Ag reported by the Intergovernmental Panel on Climate Change’s Fourth Assessment Re-
port, the total CO,-equivalent concentration of all GHGs is 455 ppm. See http:/www.ipcc.ch/.

108 Intergovernmental Panel on Climate Change, Working Group I: The Physical Science Basis
(2007). Available at http://www.ipcc.ch/publications and data/ar4/wgl/en/faq-2-1.html.

109 National Oceanic and Atmospheric Administration, 2010. Recent Mauna Loa CO,. Avail-
able at http://www.esrl.noaa.gov/gmd/ccgg/trends/.

110Karl, T., J. Melillo, and T. Peterson, (eds.), Global Climate Change Impacts in the United
States, Cambridge University Press. (2009) Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.

111 Intergovernmental Panel on Climate Change, Climate Change, 2007. Impacts, Adaptation
and Vulnerability, Summary for Policy Makers.

112 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water.

113 National Oceanic and Atmospheric Administration, 2008. Ocean Acidification State of the
Science Fact Sheet, available at http:/www.pmel.noaa.gov/co2/OA/Ocean Acidification
%20FINAL.pdf.

114 Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
United States, Cambridge University Press. Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.
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creased risk of inundation, storm surges, coastal erosion, and
saltwater intrusion into freshwater supplies.

e Increased heavy precipitation events and flooding, as well
as more powerful hurricanes.115. 116

e Mass extinction of species, perhaps 40 percent of the
world’s species by the latter half of this century.117

e Multiple adverse effects on public health associated with
more frequent and intense heat waves, ground-level ozone air
pollution, and the spread of infectious diseases.118

Tragically, these impacts will fall disproportionately on vulner-
able communities, particularly in developing countries that are
least responsible for climate change and least able to adapt to its
impacts. Still, the United States and other developed countries will
suffer devastating economic, environmental, and human health im-
pacts if climate change continues unabated.

The potential costs of climate change are staggering. Economic
studies suggest that climate change could cost the global economy
5 to 20 percent of gross domestic product (GDP).119 In the United
States, even a narrow range of climate change impacts could slash
GDP 3.6 percent by 2100.120 These costs far outweigh the potential
costs of economy-wide legislation to reduce carbon pollution.121

Climate change presents a serious and growing risk to the U.S.
security interests around the world. Climate change is expected to
act as a “threat multiplier” 122 by increasing the risk of water and
food scarcity, mass migration, resource conflict, and political desta-
bilization. Climate change will also adversely affect military and
strategic infrastructure, both in the United States and abroad.

In order to avert the most catastrophic consequences of climate
change, human-caused GHG emissions must be cut substantially.
The Intergovernmental Panel on Climate Change (IPCC), the lead-
ing international climate science body, has concluded that to secure
even a 50-50 chance of avoiding the dangerous climate change as-
sociated with a 3.6 °F increase in global average surface tempera-
ture, global GHG emissions must be reduced by 50 to 85 percent
by 2050.123 This requires the United States and other developed
countries to reduce emissions by at least 80 percent by 2050.124

115 Knutson, T., 2008. Global Warming and Hurricanes. Available at http:/www.gfdl.noaa.gov/
global-warming-and-hurricanes.

116 Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
United States, Cambridge University Press. Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.

117 Intergovernmental Panel on Climate Change, Climate Change, 2007. Impacts, Adaptation
and Vulnerability, Summary for Policy Makers.

118 Intergovernmental Panel on Climate Change, Climate Change, 2007. Impacts, Adaption
arild \iulnerability. Available at http:/www.ipcc.ch/publications and data/ar4/wg2/en/ch8s8-4-
2.html.

119 Stern, N., 2006. Stern Review: The Economics of Climate Change.

120 Ackerman, F., and E. Stanton, 2008. The Cost of Climate Change: What We’ll Pay if Global
Warming Continues Unchecked. Natural Resources Defense Council. Available at http:/
www.nrdc.org/globalwarming/cost/cost.pdf.

121 Ackerman, F., and E. Stanton, 2008. The Cost of Climate Change: What We’ll Pay if Global
Warming Continues Unchecked. Natural Resources Defense Council. Available at http:/
www.nrdc.org/globalwarming/cost/cost.pdf.

122 McGuinn, Admiral Dennis, Testimony before the Select Committee on Energy Independ-
ence and Global Warming, Not Going Away: America’s Energy Security, Jobs and Climate Chal-
lenges (2010) Available at http:/globalwarming.house.gov/pubs?id=0024.

123 Intergovernmental Panel on Climate Change, 2007. Mitigation of Climate Change Sum-
mary for Policymakers; and Luers, A., et al., How to Avoid Dangerous Climate Change: A Target
for U.S. Emission Reductions. Union of Concerned Scientists. (2007) Available at http:/www.
ucsusa.org/global warming/solutions/big picture solutions/a-target-for-us-emissions.html.

124 Intergovernmental Panel on Climate Change, 2007. Mitigation of Climate Change Sum-
mary for Policymakers; and Luers, A., et al., How to Avoid Dangerous Climate Change: A Target
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Strong interim mitigation targets are also needed, including a re-
duction of U.S. emissions by at least 17 percent by 2020. To accom-
plish these goals, it is necessary to dramatically increase the
amount of clean energy and energy efficiency deployed around the
world, an energy technology revolution that the United States must
lead.

SCIENTIFIC CONSENSUS ON CLIMATE CHANGE

A clear scientific consensus now holds that climate change is
happening and that human-caused greenhouse gas (GHG) emis-
sions are the primary cause. “Climate change is occurring, is
caused largely by human activities, and poses significant risks
for—and in many cases is already affecting—a broad range of
human and natural systems.” 125 This is the conclusion of the Na-
tional Research Council, the leading scientific body in the United
States, in their comprehensive assessment America’s Climate
Choices. In fact, every major professional science organization
working in fields relevant to climate change (e.g., the American
Meteorological Society, the American Chemical Society, etc.) and
national academies around the world agree that human emissions
of GHGs are now the dominant driver of climate change. No sci-
entific body of national or international standing rejects the conclu-
sion that climate changes are being driven by human activi-
ties.126 127 There is now a vast body of scientific evidence that pro-
vides the basis for strong mitigation and adaptation actions. The
consequences of failing to reduce GHG emissions will be cata-
strophic.

BACKGROUND ON GLOBAL WARMING AND OCEAN ACIDIFICATION

Global warming refers to the global temperature rise and associ-
ated impacts from the increase of GHGs in the atmosphere associ-
ated with human activities, primarily the burning of fossil fuels.
The build-up of these gases enhances the so-called “greenhouse ef-
fect” and warms the Earth’s climate system. As the glass of a
greenhouse traps warm air inside, these gases trap heat that would
otherwise escape into space. Key human-emitted GHGs include car-
bon dioxide (CO-), methane (CH,4), nitrous oxide (N,O), ozone, and
certain fluorine-containing gases (F-gases) such as
chlorofluorocarbons, hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), sulfur hexafluoride (SF¢), and nitrogen trifluoride (NF5).
The impact of each gas on the climate is determined by its heat-
trapping potency, concentration, and atmospheric lifetime. The
IPCC declared in its 2007 Fourth Assessment Report that the evi-
dence for global warming is “unequivocal.”128 Over the last century,

for U.S. Emission Reductions. Union of Concerned Scientists. (2007) Available at http:/www.
ucsusa.org/global warming/solutions/big picture solutions/a-target-for-us-emissions.html.

125 National Research Council, America’s Climate Choices (2010), Available at http:/
americasclimatechoices.org/.

126 Gleick, Peter, Testimony before the Select Committee on Energy Independence & Global
Warming Hearing Not Going Away: America’s Energy Security, Jobs and Climate Challenges.
(December 1, 2010) Available at http:/globalwarming.house.gov/pubs?id=0024#main content.

127 Scientific societies’ letter to U.S. Senators, (October 21, 2009) Available at http:/
www.aaas.org/mews/releases/2009/media/1021climate letter.pdf.

128 Intergovernmental Panel on Climate Change, 2007. The Physical Science Basis, Summary
for Policymakers.



22

the global average temperature has increased 1.4sF, with almost 90
percent of the warming occurring over the last 50 years.129

There is overwhelming scientific evidence that humans are the
primary cause of global warming. The GHGs building up in atmos-
phere are the same type that humans are emitting by burning fos-
sil fuels and clearing forests. Satellite measurements show that
these GHGs are permitting less heat to escape out to space and
ground observations show that they are heating up Earth’s surface.
Further, natural causes of climate change are not capable of ex-
plaining either the magnitude or patterns of observed warming. If
the sun was responsible, for example, warming would be observed
throughout the atmosphere. Instead, scientists see the fingerprint
of GHGs: warming isolated to the lower atmosphere and cooling in
the upper atmosphere. Indeed, the IPCC has estimated that the
global warming contribution, or radiative forcing, from human ac-
tivities is 10 times larger than the best estimates of the changes
from solar activity.130 A 2007 study found that all the trends in
solar activity that could influence the temperature of the Earth
have been in the opposite direction needed to explain the rise in
temperature over the preceding 20 years.131 In addition to direct
observational evidence, modeling results also confirm the human
fingerprint on global warming. These fundamental conclusions re-
lated to human attribution of climate change were made clear in
expert testimony before the Select Committee during the 111th
Congress, including in-depth discussion by Dr. Ben Santer of Law-
rence Berkeley National Laboratory and Dr. James Hurrell of the
National Center for Atmospheric Research.132 Given abundant evi-
dence, the IPCC concluded in its 2007 assessment that most of the
observed global warming of the past half-century is very likely—
with greater than 90 percent certainty—due to the increase of
heat-trapping gases associated with human activities.133

In addition to global temperature rise, human-emitted CO, is
causing rapid ocean acidification. Excess CO, in the atmosphere
from human activities enters the ocean, forming carbonic acid and
lowering the pH of the seawater. For example, over the mid-1980s
to mid-2000s, the upper ocean absorbed approximately 30 percent
of the excess CO, emitted through human activities.’34 In response,
the upper ocean has become 30 percent more acidic over the Indus-

129 Intergovernmental Panel on Climate Change, 2007. The Physical Science Basis, Summary
for Policymakers.

130 Intergovernmental Panel on Climate Change, 2007. The Physical Science Basis, Summary
for Policymakers.

131 Lockwood and Froehlich, 2007. Recent Oppositely Directed Trends in Solar Climate
Forcings and the Global Mean Surface Air Temperature, Proceedings of the Royal Society, Vol.
463.

132 Santer, B. Testimony before the Select Committee on Energy Independence & Global
Warming. Hearing entitled Climate Science in the Political Arena. (May 20, 2010) Available at
http:/globalwarming.house.gov/pubs?id=0019#main content; Hurrell, J., 2010. Testimony be-
fore the Select Committee on Energy Independence & Global Warming Hearing entitled The
Foundation of Climate Science (May 6, 2010) available at http:/globalwarming.house.gov/
pubs?id=0018#main__content.

133 Intergovernmental Panel on Climate Change, 2007. The Physical Science Basis, Summary
for Policymakers.

134 National Oceanic and Atmospheric Administration, 2005. Impacts of Anthropogenic CO, on
Ocean Chemistry and Biology Available at http://www.oar.noaa.gov/spotlite/spot gec.html.
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trial Era,135 a rate of change that is at least 100 times more rapid
than at any period in at least the preceding 650,000 years.136

GLOBAL EMISSIONS OF GREENHOUSE GASES

Of all human-emitted GHGs, CO- is most responsible for commit-
ting the world to long-term climate change. CO, accounts for ap-
proximately 77 percent of recent long-lived human-caused GHG
emissions (in terms of carbon dioxide equivalents, CO»-eq, evalu-
ated over a 100-year time horizon).137 Over the past several dec-
ades, about 80 percent of human-caused CO, emissions resulted
from the burning of fossil fuels, while about 20 percent resulted
from deforestation and agricultural practices occurring primarily in
developing countries.138

After CO,, the other primary long-lived GHGs are methane, ni-
trous oxide, and F-gases. Methane emissions derive primarily from
agriculture, livestock, mining, transportation, use of certain fossil
fuels, sewage, and landfill waste. Currently, methane accounts for
approximately 14 percent of global GHG emissions (i.e., CO-eq).13°
Nitrous oxide is emitted during agricultural and industrial activi-
ties as well as during combustion of fossils fuels and solid waste.140
Nitrous oxide accounts for approximately 8 percent of recent global
GHG emissions (COz-eq).14! F-gases are very potent GHGs that are
emitted during refrigeration, air conditioning, and industrial proc-
esses. F-gases account for approximately 1 percent of recent global
GHG emissions (CO;-eq).142

In addition to long-lived GHGs, tropospheric ozone and water
vapor are important GHGs that are short-lived in the atmosphere.
Changes in tropospheric ozone concentrations result from emissions
of chemicals such as nitrogen oxides, carbon monoxide, and hydro-
carbons. While the atmospheric lifetime of tropospheric ozone is
relatively short compared to many other GHGs, its instantaneous
warming effect is substantial, about one-fifth of the instantaneous
warming associated with human-caused CO,.143 Water vapor is a
naturally-occurring, short-lived GHG. The amount of water vapor
in the atmosphere is dependent on temperature and is not a direct
result of human activities, but does respond indirectly; as the ocean
and atmosphere warm from other GHGs, more evaporation occurs
and the atmosphere’s capacity to retain moisture also increases,
thereby increasing the water vapor concentration.

Over the past two decades, growth in the world economy and its
carbon intensity has driven a marked increase in GHG emissions.
Between 1990 and 2004, global GHG emissions grew by 24 per-

135 National Oceanic and Atmospheric Administration, (2008) available at http:/
www.pmel.noaa.gov/co2/0A/Ocean Acidification%20FINAL.pdf.

136 Feeley, R., et al., 2006. Carbon Dioxide and Our Ocean Legacy. Available at http:/
www.pmel.noaa.gov/pubs/PDF/feel2899/feel2899.pdf.

137 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

138 Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
United States, Cambridge University Press. Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.

139 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

140 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

141Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

142 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

143 Intergovernmental Panel on Climate Change. 2007.
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cent.244 In 2000, the IPCC developed emissions scenarios that pro-
jected an increase of global GHG emissions of 25 to 90 percent
(COz-eq) from 2000 to 2030.145 However, recent (2000-2007) trends
in emissions are higher than the worst case scenario. The growth
rate in emissions increased markedly from 1.3 percent per year in
the 1990s to 3.3 percent per year for the period 2000-2006.146 In
2007, the IPCC developed an updated set of scenarios that show
similar emissions growth by 2030, but they also make clear that
more rapid growth is possible.147 Fossil fuel CO, emissions reached
a record high in 2008 and subsequently declined slightly in 2009
by 1.3% due in part to the global economic downturn.48 Under cur-
rent mitigation policies, however, global GHG emissions will con-
tinue to grow over the next few decades.'4® By some estimates,
GHG emissions from developing and emerging countries are ex-
pected to grow by 84 percent from 2000 to 2025, while GHG emis-
sions from developed countries are expected to rise 35 percent over
the same period.150

National statistics show a complex and changing environment for
the sources of GHG emissions. In 2008, two-thirds of global GHG
emissions originated from just ten countries, with China and the
United States together responsible for 41 percent.151 While China
is now the largest GHG emitter on an annual basis, the United
States continues to have one of the highest per capita emissions
rates. As of 2008, the United States emitted 19 percent of global
CO; from 5 percent of the world’s population.152 In contrast, China
contributed 22 percent of global CO, from 20 percent of the popu-
lation.153 India contributed less than 5 percent of CO, from 17 per-
cent of the population.154

For most industrialized countries, their historic (i.e., cumulative)
share of global emissions is much higher than their current (i.e.,
annual) share. For the period between 1850 and 2005, the United
States led all countries by contributing 26 percent of global cumu-
lative CO, emissions and the EU-27 nation grouping contributed
22 percent. China’s cumulative contribution was 10 percent and In-
dia’s was 8 percent.155 In contrast, from 2000 to 2025, China and
India’s emissions are expected to grow by 118 and 70 percent re-
spectively, while emissions from the United States are expected to
grow by 39 percent.15¢ Strong new mitigation policies will be re-

144 Intergovernmental Panel on Climate Change, 2007. Mitigation of Climate Change, Sum-
mary for Policymakers.

145 United Nations Environment Programme, 2009. Climate Change Science Compendium.
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147 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

148 Global Carbon Project, 2010. Available at http://www.globalcarbonproject.org/carbonbudget/
09/hl-full htm#ffcement.

149 United Nations Environment Programme, 2009. Climate Change Science Compendium.

150 World Resources Institute. Projected Emissions of GHGs in 2025 Available at http:/
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151 International Energy Agency, 2010. CO, Emissions from Fuel Combustion 2010. Available
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quired to prevent emissions growth consistent with these projec-
tions.

Emissions of GHGs in the United States derive from a variety of
sources and have on the whole been on a growth trajectory. As of
2008, 83 percent of U.S. GHG (i.e., CO-eq) emissions came from
CO,, emitted almost entirely from energy-related fossil fuel burn-
ing. The remaining GHG emissions were comprised of CH, (11 per-
cent of all U.S. CO;,-eq emissions), N,O (4 percent), and F-gases (3
percent). U.S. energy-related CO, emissions come from the fol-
lowing end-use sectors: the electric power sector (41 percent), trans-
portation sector (33 percent), and residential, commercial, and in-
dustrial sectors (26 percent).157 Emissions from the electric power,
transportation, and agricultural sectors have increased since 1990,
while emissions from the industrial, commercial, and residential
sectors have held steady or declined over the same period.

Emissions of CO, from all sources grew from 5.02 billion metric
tons in 1990 to a record high of 6.03 billion metric tons in 2005.158
While the long-term emissions trend has been up, year-to-year fluc-
tuations result from a multitude of factors, including economic con-
ditions, weather, and fuel switching in response to price changes.
The recent economic downturn combined with a change in energy
use—including a substantial switch from coal to natural gas and
increased use of renewables for electricity generation—reduced CO,
emissions in the United States during the last few years. For ex-
ample, CO, emissions from fossil fuels declined 6.6 percent in
2009.159 However, the current economic recovery is expected to con-
tribute to a rise of CO, emissions of 2.1 percent and 1.1 percent
for 2010 and 2011, respectively.160

GREENHOUSE GAS CONCENTRATIONS AND REDUCTION REQUIREMENTS

The current concentrations of GHGs in the atmosphere are un-
precedented in Earth’s recent history. Records over the past
800,000 years show variations in atmospheric CO, concentrations
within a range of approximately 170 to 300 ppm.161 Human-caused
CO, emissions since the Industrial Revolution have pushed the
concentration from approximately 280 parts per million (ppm) to
nearly 390 ppm.162 The current concentration of CO, is roughly 30
percent higher than the highest level of the past 800,000 years.163
Over the same period, methane has increased from about 715 parts

157Energy Information Agency, Emissions of Greenhouse Gases Report (2009) Available at
www.eia.doe.gov/oiaf/1605/ggrpt/index.html.
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able at http://www.eia.doe.gov/emeu/steo/pub/contents.html#Overview.
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per billion (ppb) to 1774 ppb and nitrous oxide has increased from
about 270 ppb to 319 ppb.164

In the absence of mitigation policies, GHG concentrations will
continue on a dangerous trend. For example, CO, concentrations
could increase to 2 to 3 times the highest levels from the past
800,000 years by the end of the 21st century.165 The IPCC has con-
cluded that to create even a 50-50 chance of avoiding the dan-
gerous climate change associated with a 3.6 °F increase in global
average surface temperature, global GHG emissions must be re-
duced by 50 to 85 percent by 2050. This requires the United States
and other developed countries to reduce emissions by at least 80
percent by 2050.166 Given the current emissions growth both in the
United States and globally, a substantial change of course is re-
quired in the very near term to avoid the catastrophic impacts out-
lined in later sections.

BLACK CARBON

Black carbon is a potent, short-lived driver of climate change.
Unlike GHGs, black carbon is a particle pollutant, which is emitted
as a component of soot during incomplete combustion of fossil fuels
and biomass. Black carbon alters Earth’s energy balance by absorb-
ing sunlight (1) independently in the atmosphere, (2) in water
droplets and ice crystals in clouds, and (3) when deposited on snow
and ice surfaces.16” Currently, black carbon is likely the second or
third largest driver of global warming and plays a particularly
large role in modifying the Arctic climate.168

Global emissions of black carbon derive from energy-related com-
bustion and outdoor biomass burning. Of the approximately 8 mil-
lion tons of black carbon released each year,16° about 58 percent
is emitted through energy-related combustion and 42 percent is
emitted through outdoor biomass burning.170.171 Residential emis-
sions of black carbon are due largely to home heating and cooking
(e.g., using wood, coal, crop residue, dung, and diesel fuel). Diesel
fuel vehicles are the dominant source in the transportation sector.
In the industrial sector, iron and steel production are major
sources. Outdoor biomass burning is largely associated with defor-
estation activities and the burning of crop residue.172

Currently, global emissions of black carbon are dominated by
Asia (59 percent), followed by Europe (12 percent), South America

164 Intergovernmental Panel on Climate Change, 2007. Synthesis Report.

165 Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
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tions/reports/scientific-assessments/us-impacts.
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(10 percent), Africa (10 percent), and North America (9 percent).173
In developed countries such as the United States, energy-related
combustion, primarily related to diesel fuel, is now the leading
source of black carbon. Energy-related combustion also dominates
emissions in Asia, though with a much larger contribution from
residential sources. In contrast, outdoor burning of biomass is the
leading cause of emissions in South America and Africa.

In March of 2010, the Select Committee held a hearing to explore
opportunities for reducing black carbon emissions in the United
States and abroad.17¢ According to the expert testimony, there are
substantial climate benefits associated with reducing black carbon
emissions and the technologies to do so are already available. Resi-
dential emissions of black carbon may be reduced with cleaner cook
stoves (e.g., improved-combustion, solar-powered, electric, and gas).
Transportation sector emissions may be reduced through the phase
out of two-stroke engines, upgrades to higher quality, low-sulfur
fuels (e.g., ultra-low sulfur diesel or natural gas), improved engine
technology, and engine retrofits for existing diesel vehicles. In the
industrial sector, emissions may be reduced substantially by cap-
turing particle pollution from coke ovens and blast furnaces used
in steel and iron production. Changes in agricultural and forestry
practices could yield large reductions from biomass burning.

Since black carbon has a short atmospheric lifetime, the benefits
of emissions reductions could be achieved rapidly. However, it is
very important to note that black carbon is co-emitted with other
climate-modifying aerosols, including those that act as cooling
agents. Still, the fast-acting nature of black carbon emission reduc-
tions could be important in preventing the climate system from
passing certain tipping points of rapid and irreversible change and
greatly improve human health, particularly in developing coun-
tries.175

OBSERVED AND PROJECTED CLIMATE CHANGE

As atmospheric GHG concentrations have increased, the global
temperature has increased about 1.4 °F over the past century. The
2010 meteorological year was the hottest on record dating back to
1880.176 This follows on the heels of the hottest decade (2000-2009)
on record, breaking the previous record held by the 1990s, which
broke the previous record of the 1980s. Additionally, every year in
the 2000s was warmer than the 1990s average, and every year in
the 1990s was warmer than the 1980s average.177 Historical trends
in the temperature record also show that the rate of warming is
increasing: the rate of warming was 0.08 °F per decade for the pe-
riod 1850-2005; 0.11-0.13 °F per decade for 1901-2005; and 0.29—
0.31°F per decade for 1979-2005.178
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173 Climate Institute, 2009. How does black carbon change the climate debate? Climate Alert,
Vol. 19.

174 Select Committee, 2010. Clearing the Smoke: Understanding the Impacts of Black Carbon
Pollution. Available at http:/globalwarming.house.gov/pubs?id=0016#main content.

175 Jacobson, M., 2010. Short-term effects of controlling fossil-fuel soot, biofuel soot and gases,
and methane on climate, Arctic ice, and air pollution health. Journal of Geophysical Research,
Vol. 115.

176 Kintisch, E., 2010. NASA: 2010 Meteorological Year Warmest Ever. Science.

177 National Oceanic and Atmospheric Administration. Available at http:/www.ncdc.noaa.gov/



28

Global temperatures are expected to continue to rise. Over the
next two decades, global temperatures are projected to increase ap-
proximately 0.36°F per decade for a range of emissions sce-
narios.1’® Beyond that time frame, the expected temperature rise
depends largely on future emissions that will in turn depend on a
variety of factors, including energy and climate policies of countries
around the world. By the end of this century, if there is no change
in policies, global temperatures are expected to increase in a likely
range varying from 2-11.5°F globally 180 and 4 to 11°F in the
United States 181 for a broad range of future emission scenarios. It
should be emphasized, however, that current trends in emissions
are consistent with, or higher than, the scenarios on the high end
of this range.

The oceans have experienced both significant warming and acidi-
fication due to increases in the atmospheric concentration of GHGs.
Thus far, oceans have absorbed approximately 90 percent of the ex-
cess heat trapped in the climate system because of human activi-
ties. This is due in part because ocean water has a heat capacity
1,000 times greater than that of the air in the atmosphere. Most
of the warming is occurring within a few hundred feet of the sea
surface; the sea surface itself has warmed about 1.4°F over the
past century.1®2 Increasing concentrations of CO, have also acidi-
fied the world’s oceans by approximately 30 percent over pre-indus-
trial levels.183 If the current CO, emissions trend continues, the
ocean will experience acidification to an extent and at rates that
have not occurred for tens of millions of years.

In May 2010, the Select Committee examined the fundamental
climate changes occurring to Earth’s atmospheric, marine, and ter-
restrial environments.184 Dr. James Hurrell of the National Center
for Atmospheric Research told the Committee that the global
warming is accelerating; the rate of warming in the last 50 years
is nearly twice that of the warming over the 100-year trend.185 Dr.
James McCarthy of Harvard University reported that scientists
now know that the oceans have absorbed about one-third of the
CO; released from fossil fuel burning in the Industrial Era, threat-
ening a range of calcifying organisms and the marine ecosystems
dependent on them.'8¢ The expert testimony made clear that a
broad range of adverse climate change impacts are expected to in-
tensify if human-caused GHG emissions are not curbed substan-
tially.
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CLIMATE CHANGE IMPACTS

The warming of the climate system produces many complex re-
sponses, which then lead to a range of impacts on human and nat-
ural systems. It bears emphasis that the observed warming and
ocean acidification to date has already produced many documented
climatic changes. As warming and acidification continue, more dra-
matic changes are expected. Here, we discuss some examples of cli-
mate change impacts.

Ice in the Arctic

The Arctic region is warming at a staggering rate. By the decade
of the 2000s, much of the Arctic warmed by 1.8-3.6 °F relative to
the period 1951 to 1980, a level of warming that exceeded most
other regions on Earth. Since 1950, northern Greenland has experi-
enced warming of 2.7-3.6 °F.187 The amplified climate response in
the Arctic is thought to be due in large part to the melting of Arctic
ice.188 Ice acts like a mirror to the sun’s energy, reflecting much
of the energy back out into space. As Arctic ice disappears, dark
ocean water and land is revealed, which soaks up more sunlight
and heat and thereby accelerates warming and melting.

As temperatures rise in the Arctic, sea ice is disappearing. The
Arctic sea ice extents in the last four years (2007 to 2010) have
been the four lowest on record.18® In 2010, the extent of ice in the
Arctic was the third-lowest recorded since observations began in
1979190 and the area of missing ice compared to the baseline pe-
riod of 1979-2000 was nearly five times the size of California.191
The amount of multi-year ice has been in decline, as has the thick-
ness of ice. From submarine measurements, researchers have ob-
served an average loss of nearly two meters of Arctic sea ice be-
tween 1980 and 2008, almost half of the average ice thickness.192

Leading models predict that Arctic summer sea ice may com-
pletely disappear within the next 30 years and possibly as early as
the 2020s, though the precise timing is uncertain.193 A recent
international assessment projects that the polar bear population
will decline by more than 30 percent in 45 years due to reduced
habitat range and quality.194 The loss of stable, year-round sea ice
is also disrupting traditional seal-hunting and fishing practices on
which Inuit livelihoods depend, endangering an entire way of life.

The ice covering Arctic land areas is also melting and contrib-
uting to global sea level rise. In Greenland, for example, around
385 cubic miles of ice was lost between April 2002 and February
2009, equivalent to a half millimeter per year of global sea level
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190 National Snow and Ice Data Center. Available at http:/nsidc.org/arcticseaicenews/.
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rise.195 Further, the rate of ice loss from Greenland has been accel-
erating,19¢ meaning the contribution to global sea level will con-
tinue to grow with time.

Melt-water from Arctic land areas may alter ocean currents, po-
tentially disturbing marine ecosystems and weather patterns. As
the Arctic permafrost (frozen soil) melts, massive amounts of meth-
ane may be released as the carbon-rich soils are exposed to micro-
bial degradation. Since methane is a potent GHG, these emissions
will produce a positive feedback that will drive additional warming
and subsequent methane emissions.197 At predicted rates of thaw,
it is expected that methane emissions from melting permafrost will
contribute an additional 20 to 40 percent to all global methane
emissions (natural and manmade) by 2100 and thereby contribute
a projected +0.58 °F to global temperatures.198 The loss of perma-
frost is also causing extensive damage to homes and other infra-
structure in Inuit villages.

The Select Committee held a briefing in August of 2010 to exam-
ine the calving of a massive iceberg from Greenland and the broad-
er pattern of ice loss in the Arctic.199 In early August 2010, an ice-
berg covering nearly 100 square miles—four times the size of Man-
hattan—broke off (calved) from the Petermann Glacier on the
northwestern coast of Greenland.2%0 The iceberg was the largest to
break off in the Arctic in nearly a half century. Dr. Robert
Bindschadler and Dr. Richard Alley, two of the scientists partici-
pating in the briefing, warned Select Committee members that we
could have already passed, or may within only decades pass, a tip-
ping point in the Arctic beyond which climate change may be even
more abrupt and effectively irreversible.201

Ice in Antarctica

Antarctica is also losing ice with consequences ranging from in-
creased global sea level to loss of wildlife habitat. Antarctica is cov-
ered by two ice sheets; the larger East Antarctic ice sheet covers
the majority of the continent, while the West Antarctic ice sheet
has significant ice shelves floating in the ocean. Taken together,
they contain enough water to raise sea level by around 200 feet if
melted completely.202

In the spring of 2002, scientists were shocked to discover that an
ice shelf the size of Rhode Island had disintegrated in just over a
month from the West Antarctica ice sheet. The collapse of the
Larsen B ice shelf was a wake up call to scientists who had
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Glacier. Available at http:/www.nasa.gov/topics/earth/features/petermann-calve.html.

201 Select Committee Briefing, 2010. The Greenland Ice Sheet: Global Warming’s Impacts on
the Arctic Region. Available at http:/globalwarming.house.gov/pubs?id=0020#main_ content.

202 National Aeronautics and Space Administration, 2010. Is Antarctica Melting? Available at
http://www.nasa.gov/topics/earth/features/20100108 Is Antarctica Melting.html.



31

thought that these large areas of ice would take a millennium to
disappear, not a month.203

Since then, satellite measurements made by NASA show that
Antarctica as a whole is indeed losing mass at an accelerating rate.
There is also evidence that in addition to the loss known to be oc-
curring in the western ice sheet, East Antarctica has also been los-
ing ice since 2006.204

Human activities have been identified as an important driver of
Antarctic climate change, though a complex set of natural factors
are also important.205 Rigorous analysis of temperature trends
show that Antarctica has been warming at an average rate of
0.22°F per decade (from 1957 to 2006) or more than 1°F for the
last half century,296 roughly comparable to the warming observed
for the globe as a whole.207 Antarctic warming is expected to con-
tinue as GHG concentrations rise and the ozone hole, which cools
the continent, heals.

As ice extent shrinks, breeding and foraging habitat for Antarctic
wildlife is compromised. The population of Emperor penguins, for
example, has already declined by 50 percent.298 Researchers study-
ing Emperor penguins in Terre Adélie, Antarctica, estimate that by
the end of the century their population will decline from 6,000
breeding pairs to an expected 400 breeding pairs under IPCC cli-
mate projections of business-as-usual emissions of GHGs.209

Sea Level Rise

Accelerating sea level rise is threatening coastal communities
around the world. Over the past century, thermal expansion of the
oceans and widespread melting of ice sheets and glaciers have pro-
duced a global sea level rise of approximately 8 inches.210 Observa-
tions from the past two decades indicate that the recent rate of rise
has been twice that of the past century.21! Over the next century,
the IPCC has projected global sea level rise of 7 to 23 inches (18—
59 centimeters), with current emissions trends consistent with the
higher end of the range. However, these estimates do not account
for changes in ice sheet dynamics.212 Accounting for this contribu-
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204 Chen, J., et al., 2009. Accelerated Antarctic ice loss from satellite gravity measurements.
Nature, Vol. 2.

205 Gillett, N., et al., 2008. Attribution of polar warming to human influence. Nature, Vol. 1.
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tion, the rise is expected to be in the range of 3.5 feet by the end
of this century, perhaps even as great as 6.5 feet.213

Sea level rise will have severe impacts on the world’s coastal re-
gions. Rising sea levels are already causing inundation of low-lying
lands and infrastructure, erosion of wetlands and beaches, exacer-
bation of storm surges and flooding, and increases in the salinity
of coastal estuaries and aquifers. The most dramatic near-term
threats of sea level rise are being felt by small island states with
elevations close to current sea level. Worldwide, about one billion
people live within 75 feet elevation of today’s sea level, including
nearly all of Bangladesh, and areas occupied by more than 250 mil-
lion people in China.214 In total, more than 70 percent of the
world’s population lives on coastal plains, and 11 of the world’s 15
largest cities are on the coast.

The coastal regions of the United States are very susceptible to
sea level rise. Along the Gulf Coast, an estimated 2,400 miles of
major roadway and 246 miles of freight lines are at risk of perma-
nent flooding for a 4 foot rise.2'> The Transportation Research
Board concluded that under business-as-usual, coastal airport run-
ways in Boston, Miami, New York and other areas could be under
water by 2050. In addition, rising sea level will cause intrusion of
saltwater into both surface water and ground water in many U.S.
coastal areas, threatening freshwater supplies.216

Warming and Acidification of the World’s Oceans

The world’s oceans will suffer devastating climate change im-
pacts. The U.N. Environment Programme found that “climate
change may slow down ocean thermohaline circulation crucial to
coastal water quality and nutrient cycling in more than 75 percent
of the world’s fishing grounds.”217 Less hospitable waters would
have a significant effect on the fishing industries. In the United
States alone, commercial and recreational fisheries contribute $60
billion to the economy each year and employ more than 500,000
people.218

Warming and acidification of ocean waters are also contributing
to the collapse of coral reefs around the globe. Recent studies indi-
cate that over one-third of all coral species are already endan-
gered.21® When key temperature thresholds are exceeded, mass
bleaching and complete coral mortality often result. In fact, corals
are threatened to extinction within the next century from rising
ocean temperatures and ocean acidification if atmospheric CO, con-
centrations continue to rise unchecked. This threatens U.S. reefs
with commercial value exceeding $100 million. The total global eco-

213Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
United States, Cambridge University Press. Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.

214 Intergovernmental Panel on Climate Change, 2007: The Physical Science Basis, Summary
for Policymakers.

215Karl, T., J. Melillo, and T. Peterson, (eds.), 2009. Global Climate Change Impacts in the
United States, Cambridge University Press. Available at http:/www.globalchange.gov/publica-
tions/reports/scientific-assessments/us-impacts.

216 Environmental Protection Agency. Coastal Zones and Sea Level Rise, Available at http:/
www.epa.gov/climatechange/effects/coastal/index.html.

217 United Nations Environmental Programme, 2008. Warmer World May Mean Less Fish.
Available at http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=528&
ArticleID=575.

218 Connaughton, dJ., 2005. Testimony to Senate Commerce Committee.

219 Carpenter K., et al., 2008. One-Third of Reef-Building Corals Face Elevated Extinction
Risk from Climate Change and Local Impacts, Science Express.



33

nomic value of coral is estimated to be between $30 and $172 bil-
lion annually. In the United States, certain coastal areas would be
especially harmed; in Florida, for example, reef-based tourism in
the Florida Keys generates $1.2 billion in annual revenue.220
Healthy coral reefs provide other benefits as well, including shore-
line protection, beach sand supply, potential pharmaceutlcals and
habitat for fish and other marine organisms.

Extreme Events

Global warming has already changed the intensity, duration, fre-
quency, and geographic range of a variety of weather patterns and
will continue to do so, with potentially severe impacts on the
United States and the world.221

A 2009 study by researchers at the National Center for Atmos-
pheric Research (NCAR) shows that the United States experienced
approximately twice as many daily record high temperatures than
daily record lows over the past decade, as the number of daily
record lows has diminished due to global warming.222 Since the
1980s, the frequency of damaging extreme weather events and the
cumulative cost of those storms has increased in the United States;
in recent years, the number of weather events exceeding $1 billion
in damages exceeded 100.223

Heat waves have already increased in frequency over most land
areas, and it is very likely that future climate change will result
in an increase in the frequency and intensity of hot extremes.224.225
The intensity, duration and frequency of heat waves will increase
particularly in western and southern regions of the United
States.226 For a high GHG emissions future, parts of the U.S.
South that currently have about 60 days per year with tempera-
tures exceeding 90 °F will experience more than 150 such days by
the end of the century.22?7 With continued warming by 2100, Wash-
ington, D.C. will experience the temperatures that Houston does
today, Denver will be as warm as Memphis is today, and Anchor-
age will be as warm as New York City is today.228 A warmer plan-
et is also expected to experience more extreme summer dryness.229
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With global warming, heavy winter precipitation and flooding is
also increasing.230 In the United States, for example, the amount
of precipitation falling in heavy downpours (heaviest 1 percent of
events) has increased nearly 20 percent over the past century.231
As the atmosphere warms, it is able to hold more water vapor.
When a storm occurs, the amount of precipitation can increase,
which can result in flooding. The IPCC has found that “[t]he fre-
quency of heavy precipitation events has increased over most land
areas, consistent with warming and observed increases of atmos-
pheric water vapor.”232 Precipitation is expected to continue to
shift towards heavier events, with longer dry periods in between.233
Contrary to the claims of global warming skeptics, the record snow-
storms during the winter of 2009-2010 may have demonstrated
this phenomenon; they certainly did not disprove it. In the future,
it is very likely that North America will experience more frequent
and intense heavy downpours and higher levels of total rainfall in
extreme precipitation events. Extreme precipitation events and as-
sociated flooding costs lives and result in damage to infrastructure,
property, and agricultural lands.

Global warming is expected to increase the globally averaged in-
tensity of tropical storms and decrease their frequency.23¢ Stronger
hurricanes lead to more destructive winds and higher storm surges,
increasing the risk to coastal communities in their paths. As sea
level rises and storm surges increase, the vulnerability of cities to
flooding, and the related impacts, increases significantly. Finally,
strong cold-season storms are also likely to become more frequent,
with stronger winds and more extreme wave heights.235

In September of 2010, the Select Committee held a briefing to ex-
amine the links between climate change and extreme weather
events. Pakistan’s Ambassador to the United States Husain
Haqqgani spoke about the devastating economic, health, and secu-
rity impacts of the flooding that struck Pakistan in the summer of
2010.236 Twenty percent of Pakistan was inundated, more than
1,700 people lost their lives, and more than 21 million people were
directly affected by the floods.

Extreme events consistent with climate change predictions oc-
curred in a number of other locations in 2010 as well. Russia expe-
rienced both the worst heat wave and one of the worst droughts on
record. In China, massive flooding claimed over 2,000 lives. In
India, heat waves killed dozens of people and flooding left 2 million
people homeless. Here in the United States, record-breaking tem-
peratures baked the East Coast and disastrous flooding inundated
Arkansas, Iowa, Oklahoma, Tennessee, and elsewhere. As the par-
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ticipants of the briefing discussed, as concentrations of GHGs in-
crease in the atmosphere, there will be more extreme weather
events, including more intense and frequent heat waves and in-
creased drought and flooding.237

Freshwater

One of the most dramatic impacts of global warming in the 21st
century will be the exacerbation of already severe water scarcity.
Over a billion people currently lack access to safe drinking
water.238 By 2025, 1.8 billion people are expected to be living in re-
gions experiencing water scarcity and two-thirds of the world’s pop-
ulation may be living in water stressed conditions.23° The IPCC
projects that by 2020, between 75 and 250 million people in Africa
will experience an increase of water stress due to climate
change.240 For Asia, the number is between 120 million and 1.2 bil-
lion people, and for Latin American it is 12 to 81 million.241

Global warming is leading to rapid melting of land ice, glaciers,
ice caps, and snow fields which over time will exacerbate water
scarcity in many regions of the globe. One-sixth of the world popu-
lation currently relies on melt-water from glaciers and snow cover
for drinking water and irrigation.242 The IPCC’s 2008 Climate
Change and Water report projects widespread reductions in snow
cover in the 21st Century, and a 60 percent volume loss in glaciers
in various regions.243 While melting may temporarily increase
freshwater supply, more winter precipitation falling as rain rather
than snow and an earlier snowmelt season will deplete frozen
freshwater reserves and exacerbate water scarcity conditions.244

Increased water stress due to climate change will disproportion-
ately affect the dry tropics and dry regions at lower mid-lati-
tudes.245 Semi-arid and arid areas in Southeast Asia, Southern Af-
rica, Brazil, and the western United States are expected to suffer
decreasing water resources with climate change.246 In Asia, de-
creasing precipitation and rising temperatures will result in the in-
creasing frequency and intensity of droughts.247 In northwestern
China and Mongolia, snow and glacier melt will cause floods in the
spring in the near term but will also result in freshwater shortages
by the end of the century.248 Global warming is expected to result
in more persistent El Nino conditions that shift the Amazon
rainforest from a tropical forest environment towards dry savan-

237 Select Committee, Hearing on Extreme Weather in a Warming World (September 23, 2010)
Available at http:/globalwarming.house.gov/pubs?id=0023.

238 German Advisory Council on Global Change, 2007. Climate Change as a Security Risk
Summary for Policy-makers.

239 United Nations Commission on Sustainable Development, 2008. The Food Crisis and Sus-
tainable Development. Available at http:/www.un.org/esa/sustdev/csd/csd16/documents/
bgrounder foodcrisis.pdf.

240 Intergovernmental Panel on Climate Change, 2007: Impacts, Adaptation and Vulnerability,
Summary for Policy Makers at 13.

241 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 36.

242 Intergovernmental Panel on Climate Change, 2007. Impacts, Adaptation, and Vulner-
ability, Summary for Policymakers at 11.

243 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 28.

244 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 19—

6

245 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 3.

246 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 88.
247 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 86.
248 Intergovernmental Panel on Climate Change, 2008. Climate Change and Water, pp. 87.



36

nah,249 imperiling an ecosystem that sustains local communities
and one of the highest concentrations of biodiversity on Earth.250
In the American West, the Sierra Nevada snowpack is at its lowest
level in 20 years, threatening California water supplies.251 Experts
warn that even in optimistic scenarios for the second half of the
21st century, 30 to 70 percent of this snowpack may disappear.252
As a consequence of decreasing snowmelt in the Rocky Mountains,
the U.S. Southwest is already experiencing a severely reduced flow
in the Colorado River upon which 30 million people depend for
water.253 The U.S. Midwest is expected to experience drought due
to a loss of soil moisture and surface waters.2>¢ In addition to a
range of other costs, agriculture in the U.S. Southwest and Great
Plains is likely to suffer massive economic losses due to increasing
water scarcity.255 In September 2010, Dr. Michael Wehner of Law-
rence Berkeley National Laboratory briefed the Select Committee
on the hydrologic impacts of climate change, explaining that much
of the United States will experience severe drought by the end of
the 21st century for business-as-usual GHG emissions.256

Climate change will also negatively impact the quality of fresh-
water resources. For example, reduced river flows will limit the di-
lution of effluent, leading to increased pathogen and chemical con-
centrations.257 In addition, increased heavy precipitation events
due to climate change may contaminate watercourses and drinking-
water reservoirs.258 Warmer water temperature combined with
higher phosphorus concentrations will increase the occurrence of
freshwater algal blooms, with adverse impacts on freshwater eco-
systems and fisheries. Fish habitat may also be compromised be-
cause altered water chemistry will promote the intrusion of
invasive species.259 These impacts will exacerbate the precarious
state of freshwater fish species in North America, nearly 40 percent
of which are already at risk.260

Land Resources

Global warming is impacting forests through increased tempera-
tures, altered patterns of precipitation, and changes in the pres-
ence and severity of pests. The role of climate change in forest ecol-
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ogy is an area of active scientific research. In areas with adequate
water availability, warmer temperatures have likely increased for-
est growth and will continue to do so. Increasing CO, concentra-
tions will likely increase photosynthesis but will only increase wood
production in young forests where adequate nutrients and water
are available.

But the negative effects of climate change on forests outweigh
the benefits. Increasing global temperatures are already affecting
tropical forests, with droughts provoking forest fires in the Amazon
and Indonesia. The combination of degraded forests from logging
and agriculture with more extreme climate events suggests that
forest fires are likely to play an even more important role in the
future of tropical forests and their contribution of global warming
pollution.261 The dieback of forests represents a form of abrupt cli-
mate change, as forests that would otherwise serve as carbon sinks
may succumb to water stress and pest exposure; the risk of passing
such critical thresholds increases greatly with continued climate
change.262

In the United States, some forest types are expected to expand
(e.g., oak-hickory), while others are expected to contract (e.g.,
maple-beech-birch).263 There is also growing evidence that climate
change is increasing the frequency and intensity of wildfires in the
United States. Scientists have concluded that from 1986 to 2006
longer, warmer summers have resulted in a four-fold increase in
major wildfires and a six-fold increase in the area of forest burned,
compared to the period from 1970 to 1986.264 In addition to more
intense and more frequent fires, the length of the fire season and
the burn duration of large fires have also increased. Warmer tem-
peratures cause an earlier snowmelt which can lead to an earlier
and longer dry season.265 Models of future climate have consist-
ently concluded that the area burned will increase in the coming
years and decades. With more wildfires come more GHG emissions.
Although estimates vary widely, wildfires may represent up to 10
percent of total U.S. GHG emissions.266

Global warming is also exacerbating insect infestations (most no-
tably bark beetles), which in turn make forests more susceptible to
wildfire. Drought stress makes trees and vegetation more suscep-
tible to attack by insects, and warmer winter temperatures allow
a higher number of insects to survive and increase their popu-
lations. Warmer temperatures can also increase reproductive rates
of insects, resulting in two generations in a single year. Finally,
warmer temperatures allow insects to invade areas previously out-
side their natural range, as has happened with the mountain pine
beetle in the U.S. West. Research has clearly demonstrated the link
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between warmer temperatures and drought on extensive insect out-
breaks in southwestern forests and Alaska.267

Agricultural lands are also expected to experience substantial im-
pacts from climate change. For most crops there are temperature
limits that, when reached, can impair crop yield. For example, an
anticipated 2.2 °F rise in temperatures over the next 30 years is
projected to decrease yields of maize by 4.0 percent, wheat by 6.7
percent, sorghum by 9.4 percent and dry bean yields by 8.6 per-
cent.268 Agricultural lands are also sensitive to changes in the tim-
ing and intensity of water availability. Runoff in snowmelt-domi-
nated areas is occurring up to 20 days earlier in the U.S. West and
up to 14 days earlier in the Northeast.26° In some regions, global
warming is expected to exacerbate drought conditions, whereas oth-
ers will experience more frequent and intense heavy downpours.
Heavy rainfalls reduced the value of the U.S. corn crop by an aver-
age of $3 billion per year between 1951 and 1998.270 Insects and
disease pests will also respond to changes in climate and may ad-
versely affect agriculture.2?1

Wildlife

If climate change goes unchecked, it could lead to mass extinc-
tion of the world’s species. The International Union for the Con-
servation of Nature’s 2008 annual report lists 38 percent of
catalogued species as already threatened with extinction, including
nearly 25 percent of all mammals.272 A 2004 study suggests that
15 to 37 percent of terrestrial species may be “committed to extinc-
tion” by 2050 due to climate change.273 The IPCC predicts that for
a temperature rise of 2.7-4.5 °F, approximately 20 to 30 percent of
plant and animal species will be at an increased risk of extinc-
tion.274 Additional warming could lead to even higher rates of ex-
tinction, perhaps a loss of more than 40 percent of all plant and
animal species by the latter half of this century.275

The species most vulnerable to climate change have a specialized
habitat, a narrow environmental tolerance that is likely to be ex-
ceeded due to climate change, and dependence on specific environ-
mental triggers or interactions that are likely to be disrupted by
climate change. One tragic and iconic example is the polar bear.
Polar bear populations are expected to decline by 30 percent in the
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next 35 to 50 years and to disappear from Alaska altogether due
to loss of habitat resulting from global warming.276

Public Health

There is a broad consensus among experts within the worldwide
public health community that climate change poses a serious threat
to public health. The IPCC’s Fourth Assessment Report concluded
that climate change’s likely impacts on public health include: in-
creases in mortality associated with more frequent and more in-
tense heat waves; increased occurrence of deaths, disease, and in-
jury from floods, storms, fires and droughts; increased cardio-res-
piratory morbidity and mortality associated with ground-level
ozone pollution; changes in the range of some infectious disease
vectors; and increased malnutrition and consequent disorders, in-
cluding those relating to child growth and development.277

In addition, EPA,278 the Centers for Disease Control and Preven-
tion (CDC),279 and NOAA have all concluded climate change poses
a serious public health risk. The World Health Organization
(WHO) released a quantitative assessment concluding that the ef-
fects of climate change may have caused over 150,000 deaths in
2000 and that these impacts are likely to increase in the future.280
According to the IPCC, climate change contributes to the global
burden of disease, premature death and other adverse health im-
pacts.281

Heat waves will increase in intensity and frequency in the
United States and globally, with significant consequences for
human health. The populations most at risk of dying in a heat
wave are the elderly and people in underserved communities. The
European heat wave of August 2003 is estimated to have killed up
to 45,000 people.282 In France alone, nearly 15,000 people died due
to soaring temperatures, which reached as high as 104°F and re-
mained extreme for two weeks. It is estimated that heat-related
deaths in the United States will climb from the current 700 per
year to 3,000-5,000 by 2050.283

Global warming will exacerbate ground-level ozone pollution,
leading to substantial increases in respiratory illness and pre-
mature death. Ozone is a known public health threat that can
damage lung tissue and exacerbate pre-existing respiratory condi-
tions. The IPCC predicts increased levels of ozone across the east-
ern United States, “with the cities most polluted today experi-
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